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carbon attac Q&E{alhﬁlgtsjﬁﬁstﬂﬁéd?? oft 8R! dabifdh Rlachdfeolefd ml;tlgloa;laositg)or}leo e EruiR

phenol group.

TECHNICAL BACKGROUND OF THE INVENTION

15 Phosphorus ligands are ubiquitous in catalysis and are used for a number of

commercially important chemical transformations. Phosphorus ligands
‘commonly encountered in catalysis include phosphines tA), and phosphites (B),
shown below. In these representations, R can be virtually any organic group.
Monophosphine and monophosphite ligands are compounds which contain a

20  single phosphorus atom which serves as a donor to a metal. Bisphosphine,
bisphosphite, and bis(phosphorus) ligands in general, contain two phosphorus

donor atoms and normally form cyclic chelate structures with transition metals.

) _ . | R : OR
D ! I
R7 r rRo” OR
A B
25 There are several industrially important catalytic processes employing

phosphorus ligands. For example, U.S. Patent No. 5,910,600 to Urata, et al.
discloses that bisphosphite compounds can be used as a constituting element of a
homogcnéouslmetal catalyst for various reactions such as hydrogenation,
hydroformylation, hydrocyanation, hydrocarboxylation, hydroamidation,

30 hydroesteriﬁcatiox_l and aldol condensation.

Some of these catalytic processes are used in the commercial production of

polymers, solvents, plasticizers and other commodity chemicals. Consequently,

1



TECHNI CAL BACKGROUND OF THE | NVENTI ON 15. Phosphorus |igands are ubiquitous

in catalysis and are used for a number of comercially inpgyianh pagm cal -
transformati ons. Phosphorus |igands comonly encountered in catalysis

i ncl ulMO WIEPhi nes (A), and phosphites (B), shown bel RET/USNAESe

- representations, R can be virtually any or an| c group. Mnophosphine and

nonophos phi44€ tpﬁb%ﬁ%%)élawﬂgﬂme\ﬁm ityan.atkesieNgt e phosphor us
at om whi ch 3§ hOSphI te, and
bi s( phosphor us?‘ﬁﬁl gan ‘%g I'n éﬁgpgfﬁ%%ﬁlqéiﬁhﬁfgpﬁg{% rrH%rrgs 9donor at ons. and

normal |y fanmoctynlmtmhehmtlﬁghnyrdemhlesFmﬁebmbfeammmwmabﬁmnR ORI | R-

R ROB FOR elA 882 Ther;8 #Bffp\g/apv hggSUSt rial rpoét(l)rtant catlg.\h%/t iC
processes “Fﬁsaé?éﬁﬁﬂ :
5,910,680 tlﬁlﬂdi-ﬁhﬁneaﬁiongis dscﬂh@ﬁiry%‘ﬂﬁaﬂl@ﬁ&t cﬁﬂ? %}Qﬁ@éﬁxﬁlﬂe&w&@h@iﬁ? can be

used as a constituting elenment o honogeneous netal cat aIy or var| ous

reactions shwt@alsado oeselidasion andfoeusingrafyresserch and dovrioprpert #fiods

hydr ocar boxyl.s eﬁgm 30 hydroesterification and al doI
condensatl)(;%S &ﬂmjfy‘gt#ese glgéouﬁ&flc processes are used in the comerci al
producti on of @nﬂmﬂmmﬁmbmmmmm@ms dres ligansedi t y
chem cal s. Cons ue 4 \WD 41x21567 L USO00[ 25547 cue to
the extremdfgH %@WB%TW&@%E‘:% {} ﬁ%?ﬁﬂ)o‘f‘{rf"%l’lﬁeﬁggﬁﬁn ﬁ%ncremant‘al
advancqg | ”5,13§,h B @ Sat6; e L. iscioked Shytldfofthy b6 Broe ¥R WHidH Arorganic

' bidentate ligand containing two phosphorus atoms linked with an organic

-

dihydroxgrl bridging group is used in a homogeneous hydroformylation catalyst

ke
;:‘ ., ;

system. Hydroformylation processes involving organic bidentate ligands
- containing two trivalent phosphorus atoms, in which the two phosphorous atoms
15 are linked witha 2,2' dihydroxyl—l ,1';binaphthalene bridging group, are described
in commonly assigned, copending application Serial Number 60/087,151, filed
May 29, 1998, and the patents and publications referenced therein.
Commonly assigned, published PCT Application W0O99/06357 discloses
multidentate phosphite ligands with a structure having alkyl ether substituents on
20  the carbon attached to the ortho position of the terminal phenol group for use in a
- liquid phase process for the hydrocyanation of diolefinic compounds.
It always remains desirable to provide even more effective, higher

performing catalyst precursor compositions, catalytic compositions and catalytic

Pkt
e
S

processes to achieve full commercial potential for a desired reaction such as

25  hydroformyiation. The effectiveness and/or performance may be achieved in any
or all of rapidity, scleciivity, efficiency or stability. Other objects and advantages
of the present invention will beébriic apparent to thoé._e skilled in the art upon
reference to the detailed description which hereinafter follows.

30 ‘ SUMMARY OF THE INVENTION

| The invention provides for a hydroformylatlon process comprising
reacting an acyclic, monoethylenically unsaturated compound with CO and H; in
the presence of a catalyst precursor composition comprising a transition metal,

and at least one multidentate phosphite ligand selected from the group represented
2



.inmportant reactions are highly desirable. Furthernore, the discovery of
certain ligands that may be useful for applications across f pap#cdgeh t hese
cormercially 5 inportant reactions is also highly desirable not only. for
- the coM@&MIA1S47 benefit, but also to enable consolidati BETAWOREIISI ng of
research and devel opnent, effort tQ particul ar group of conpounds. One

i ndustri a||th§5§r*l°aﬂpgfmwf-é9@a§p% “&Eﬁﬂg‘kﬁﬁﬁf?ﬁb"rﬁ‘é&‘f?‘i‘ Snds of
particul ar i{REIHARR theanPle bkphYIfPher dRptidiiymitdd0r exanple, U S. Patent
No. 10 5,235,113 to Sato, ggt %Ip. di scl oés%s aa’hydrof ornmyl ation process in
whi ch an or gani ¢ Biedewension fuitherrpiovides for thehydtoformptiginnofraremations | i nked

w th an organi di hydr oxyl bridging. group,.i sed in a EPMS .
hydr of or fryl ac{q?%?‘? Cal .%15%%3%35%”%%?8?@F§? geins urnglc‘gggggf%ﬁj\?%? ving -
%gaﬂifhbi ?eiﬁtthﬁhﬁebdrr]@aﬂﬂﬁcatﬁtry@fﬁbimS' &@pﬁiﬁbﬁ&@?ﬁsm@gmmz _ht gtomsl, |1 n
iC e two phosphorous, atons . are l'inked w a, 2,2 oxyl -1,
e e
copendi ng apghi 8h 1, 8 wi al?fike ,.an
the patentsp%?d&gggtﬁatignse rg‘e er egnced.t Rerein.  Commonl / iill:rsl! gned,
publ i shed PGefetgnskicbaracters hage ms&mm,mptasrﬁmhemaﬁ igl hite -
ligands with a structure having al kyf ether substituents on 20 the carbon.
attached to the ortho position of the term nal phenol group for use in a’
l'iquid gibase process for the hydrocy®eahula® of diol efinic conpounds. It
al ways remains desirable to provide even nore effective, higher performng
catal yst precursor conpesFFraps; c_glgal ytic ggrrposi 0 and catalytic
processes to achiéve f ~ pot ent o a de red reaction such
‘as 25 hydrofornyl ationy, . efff ecti veness. and/ or \perforrmgnce may be
“achieved in any or alINQf raffidity, selectivity, ic¥ency or stability.
O her objects and advant age ; Wi

becone apparent

wherein X' is a bridging group selected from the group consisting of:



SUMMARY COF THE | NVENTI ON The invention provides for a hydrofornylation

~ process conprising reacting an acyclic, nonoethylenically 1 @aidirRioad
conmpound with CO and H2 in the presence of a catal yst precursor

. conpoW@ dm1s€onpri-sing a transition netal, and at |easpcpusosmssid dentate |
- phosphite ligand selected fromthe group represented 2 19 March 2004 WO

01/ 21567 PCT/ US00/ 25547 by the folio .ring formulgd RZ I-Aor I-B, in

which all like referegce characters have t he except as
further explicitly ; &ai nvention fg jor t he

hydr of or nyl ation of ef| ns conpr

and at | east one mul t@dent atphosphl te |Iigand pom t he group

represented by the following fornulae I, I-Ag¢r |I-B, in_}tmich all like
ref erence characters have the same neani ng, except as further explicitly

limted. 10 Formula | ZO LP P x / \ 0 wherein X is a bridgi.ng group
sel ected fromthe group consisting of 3 19 March 2004 WO 01/ 21567

AT
P
7

p.

whereinR', R?, R, R*, R, R, R", R}, R", and R? " are independently
selecied from the group consisting of H, C; to Cy3 alkyl, cycloalkyl, -
trialkylsilyl, triarylsily}, halogen, nitrile, perfluoroalkyl, -SO2R ", -

5 ~ SO;NR,", acetal, ketal, dialkylamino, or diarylamino, -OR", -
COR", -(CNRMRY, -(CNORMRM, wherein R! is C; to Cys alkyl,
aryl, or substituted aryl, -C(O)R'2, -C(O)NR?R®, -O-C(O)R"?, -
NR'%.C(O)R", wherein R' and R"® are independently selected from
the group of H, C, to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl;

10 wherein positions other than R' through R® on the aromatic rings
may also be substituted with C; to C,3 alkyl, cycloalkyl, trialkylsilyl, )
triarylsilyl, halogen, nitrile, perfluoroalkyl, sulfonyl, acetal, ketal,
dialkylamino, diarylamino , -OR'!, -CO,R' R CNR'', or RCNOR",
wherein R® and R'® are independently selected from the group consisting
15 of H, C; to C;3 alkyl, cycloalkyl, aryl, or substituted aryl;
wherein X* through X* are independently selected from the group
c&n_sisﬁng of:

Y



PCT/ USO0/ 25547 wherein R, R2 , R83, W RSR6, R/, Rs, R', and R2 + are
I ndependently sel ected fromthe group conS| sting of H C %&Mgﬂc%fdd&yl

*

cycl oal kyl, . trlalkyIS|IyI triarylsilyl, halogen, nitrileg,

. perfl WO®AREKSSr, - SO2R', 5 SOZNR212 acet aI ketal , di alpetieEgpasss7or
di.aryl am no, -OR", - CO2R (CNR)R (CI\IO?)R',\A,herein R'" is C, to C18
al kyl, .aryl, or substituted aryl, -C(OR12, -CONR 2R 3, -OC(OR 2, -~
NR 2- C( O) R13, whevherein R i2 independindly %él@cﬂeﬂ(ﬁ%ﬂﬂfh@ 66H{ &S the

group of ' H C, to Cl3 gjk cycloql ar or substj t ut ed aryl; 10 ,
wher ei n posi tions ot%@r (%‘ RO r:&é% Kﬁ“\’nlsat“l@fﬁn&mﬁl%(ﬁn-ﬁgs may al $o

be. substituted with ]9@ ¥ fﬁf{l

triarylsilyl, hal oge%j:kynl Y%D?k?i per Ilﬁ%frioa kl%ll liSSEie nyl, Eec%?a? ket al ,

di al kyl afi no, di ary|amnsmgoff£za1ky4@aﬂa-sozm GSB';NRBQ mmreMerel n R9
and R are independe id Si St g] 50of H C to
C s al kyl, cycloal ky# F{Sr% e(g'r”agﬂ' nl%ﬂ‘é'&gﬂélc‘iﬂppeﬁﬂﬁ » X2 through XS
are i ndependent| m&zhgﬁ@@cjﬁ@mtﬁ@ b(&gmstﬁ%h@ﬂ 1‘13 n 9OR “Yvheketh 1 Mar ch
2004 WO O1/ 21567 PCT/ USQO/ 25547 wherein is1n ependent ly sel ected from :

the group consisting®®3H, aryl, CR143, (CR142) n-OR14, (CR 2) n- NR15,
wherein R14 is H C -C15 al kyl, cycloglkylsaok aryl, wherein R15 is
sel ected fromthe group

10
In other embodiments of the invention a ligand of the étructuré of Formula
I-A may be substituted for the ligand of Formula 1, and in those embodiments an
aromatic ring carbon in the ortho position to an O bonded to a P may be bonded
through (ZA')nl to another aromatic ring carbon in the ortho position to the other O
15  bonded to the P,
wherein Z' is independently,

each of R" and R are independently selected from the group
consisting of H, C; to Cys alkyl, cycloalkyl, aryl, or substituted aryl, n' is either
20 . one or zero; and wherein it is understood that n' = 0 represents a bond replacing

the two aromatic ring hydrogens. _ )



consisting of H alkyl, aryl, -SQ2Rlk, -SO2NR 22, -COR16, wherein A
H G -Cl18 al kyl, cycloal kyl, aryl or perfluoroal kyl; and Z {¢pmarhesiogd from

the group consisting of (CR 42) n -ORI 4 wherein

R16 is

n=0-3. Fornmula I-A 10 In

ot her Wh#sB4#ent s of. the -invention a ligand of the strubBCTAUSHSISSFor nul a
| -A may be substituted for the ligand of Forrmula 1, and in those

—enbodi nents an

aromatic ring carboformuledd ort ho position to an 0 bonded

to a P may be bonded through (Z1)nl to another aropmtic ring carbon in the

I ndependently; R17 R18

ortho position to the offiet 8 15 K&8nded t ox8 i's
and R 8 are antly selected from
consi sting Q to C, 8 al kyl, or

t he group

substituted aryl, nl is
= 0 represents a
19 March 2004 WO 01121567, For nul
of . the-invention a |iga(d!
substituted for the Iigaf

that nl

-20 oné or zero;

[~

fdthe stpuctytie o Formula 5 I|-B-may be
of Foryﬂla T, and erein an aromatic ri

ng

carbon in the ortho positlion to@n O bonded toOa P may be bonded through

(Z)n" to another aromatije.ri
bonded to the

10

15

20

% carbon in the orwho sition to the

L

In other embodiments of the invention a ligand of the structure of Formula

1-B may be substituted for the ligand of Formula I, and wherein an aromatic ring
carbon in the ortho position to an O bonded to a P may be bonded through (Z*)n'
to another aromatic ring carbon in the ortho position to the other O bonded to the
P;

wherein Z' is independently

and each of R'” and R'® arc independently selected from the group

" consisting of H, C; to Cyg alkyl, cycloalkyl, aryl, or substituted aryl, n' is either

one or zero; and wherein it is understood that n' = 0 represents a-bond replacing
the two aromatic ring hydrogens.

Furthermore, in embodiments of the invention utilizing Formula I, Formula
I-A or Formula I-B, either one of the Y’s may be linked with Z to form a cyclic
ether.

1

The invention further provides for a hydroformylation process comprising

~ reacting an acyclic, monoethylenically unsaturated compound with CO and H; in

the presence of a catalyst precursor composition comprising a transition metal,

ot her

and at least one multidentate phosphite ligand selected from the group represented b

ng i s under st ood
ESL:cing the twyaronmaiti ¢ ri ng hydrogens.

5

| -B PCT/USC™ 25547 I n ot her enbodi nent s

0
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e R

. P; wherein ZlI is independently 10 i R17 R18 and each of R 7 and R18 are
i ndependent|y selected from.the group consisting of H Cl fga&tR aoky!

cycl oal kié.li ilsr%l, or substituted aryl, nl is either one or zero; and
. wher ei "WPPIRE6 nder st ood that n' = 0 represents a bond r BEFASPHES4T he two

aromatic ringyhysy Rﬂﬁnﬁn%rﬂo?rgﬁlér t ﬁ-ﬁ‘kfﬁl-si o & _%dijﬂ;ﬁ{%{%fe%nc% *&ﬁ?ﬂap%%”t on

utilizing Fornula 1, For | “A”or For mila er one o € Y's may
be |inked wit hate the shme meaningcércept astfhether ekplicitipdietiteon f urt her provi des

for a hydrofornylatiLon pracess conprisi reacti.n n acyclic,, ,
nonoet hyl eni cal | y ﬁ?&%ﬁ-?%@%ﬁ&ﬂ%s&%‘he%ﬁﬂwg‘% °¥2’6mf"rtl’é‘ presence
of a catal yst oefiae ¢omptisiag fduefihg b AeyeHiRFdnFitibli Edhijfouhl W @OHnd BN at

| east one | {i dentate phosphite |igand selected fromthe group represented
6 19 Mar ch® 208utha@resence ofgrcatatyst pooursps samposjtioreommisingad desy-valentul a |, 11-A

or I'I-B, in wahg i r : . i ng,
except as furtherB(é@p#elﬁ(l:’l‘th'lﬁflIE |m@g%ﬁﬂﬁﬁg{@%®g§1ﬁ%€ g%‘r‘#%gerc&g;%% es for
" the hydr of or mgtaatpi represdnterd yntit: ifeliowihe ffomsulaxiiyl /s orlf-B giaothiclgalhtikacycl i c

romatic ol ef d with d H2 5.in th f a_catal yst
o1 ecur sor comBUEERPUABINY Pavaye S meomine ecoi i i SHPURALImigiy o1

| east one nultidentate phosphite |igand selected fromthe

Formula Il

' ) . x* o ox3 '
0 o
A\ - -
P—X'—P
. ' d,@t r_D
10 _

wherein X! is a divalent bridging group and is selected from the group consisting
of:



group represented by the following fornulae 11, 11-Aor I1-B, in which all

| i ke reference characters have the sane neani ng, except asldh%!é?cﬂ%bm
explicitly limted. Formula H 10 wherein X is a divalent bridging group
and WO 0321562t ed from the group consisting of 7 WO 01PETEEPOAT4Rarch 2004 _
PCT/ USO0/ 25547 wherein RR, RR R4, RS, R6, R7, Rs, R', and R2 are

i ndependently selected fromthe group consi st i ryg‘ ch'H C, to Gs alkyl,

cycloal kyl, trialk i riarylsilyl, hahko perfluoroalkyl
-S2R", 5 S02NR2 : di al k P am no, -OR',
C2R', -(CN\NR")R', g erein R" i S cycl oal kyI

aryl, -or _substé °
-NR12- C( O R13, . are i ndepndently sdql ected fromthe
group of H 'C to Cg alkyl pcycloal kyl, aryQ Qstituted aryl;
wher ei n ‘posi tions otgar thar| R through Rs 0’1 t he aromalt_ic rings may also
be substituted with to CI8 al kyl, 'cycloalkyl, trialkylsiiyl,
triarylsilyl, halogen, nitrile, perfl uoroal kyl, sulfonyl, acetal, ketal,

di al yl am no, diarylamno , -OR', -CQ2R',R CNR" or RCNOR' wherein R? and
R10 are i ndepende =Ta rpup conmatal ng of H C to C18

al kyl, cycl oal kyl wher ei n§X2 t hrough X5 are
independently sel\g tlng of

whercm R!, R.2 R3 RY, R5 R¢,R", R®,R', and R?" are independently
selected from the group consxstmg of H, C; to Cyz alkyl, cycloalkyl,
_ trialkylsilyl, triarylsilyl, halogen, nitrile, pcrﬂuoroalkyl -SO,RY, -
5 " SO,NR,'2, acetal, ketal, dialkylamino, or diarylamino, -OR'Y, -
COR", (CNR'HRY, -(CN(_)R")R“,wherem R" is C, to Cy3 alkyl,
_cycloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NRR", -O-
C(O)RZ, -NR'2-C(O)R", wherein R'? and R" are independently
selected from the group of H, C; to Cis alkyl, éycloa]kyl, aryl, or
10 ' substituted ary!; wherein positions other than R! through R® on the
aromatic rings may also be substituted w1th Cito Cyzalkkyl, - ,)
cycloalkyl, trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR", -CO,R'\,R
CNR!", or RCNOR!! ;wherein R’ and R are independently selected
15 from the group consisting of H, C; to Cys alkyl, cycloalkyl, aryl, or
substituted aryl, '
wherein X2 through X5 are independently selected from the group
- consisting of:



-

8 .19 March. 2004 WO 01/21567 Y2

PCT/ US00/ 25547 Y1 is independently selected fromthe group fé)nISi %ta% of
H, _aryl, CR143, wherein-R14 is H, Cl-C's al kyl, cycloal ky[", 6rc @ ,
(CR14No 0126614, (CRIB) n-NR 5 wherein n is a nunber bepivegRodhsyd 3, 5
wherein R 5 is selected fromthe group consisting of H alkyl,

cycloal kyl, aryl, -S2R', -SO2NR 22, - 6 wherein RI6 is H C - ds

al kyl, cycloal kyl, aryl, or perfluoroalkyl; Y2 is independently selected -
fromthe group consisting of aryl, 10 GR 3 mherein R14 is H d-ds alkyl,
cycloal kyl, or aryl, (CR 42) n- ORl14, 42) n-NR 5 wherein n is a nunber
between 0 and 3, wherein R15 is selectled fromthe group consisting of H,
al kyl, cycloal kyl, aryl, -SQ2R', - S@2MR122, - CORE6 wherein RE6 is H, Ccl

C s al kyl, cycloal kyl, aryl, or perfluoroalkyl; 15 Z is selected fromthe -
group consi sting oif (CR142) a-OR 14 wherein n = 0-3. Fornula HA In other .
enbodi ments of the issndeperidentiy s¢leced frouof the lgeoup camsistimgoOH, #yLnul a 20 11-A

g Carbon i n the oftho ueiitn it B alvly e PR BPREL R Bdea ¢
through 6Z)n' 9 19 MORY, @R0%) WNRF/\WH&AEIRA n is a number between 0 and 3, - -
wherein R" is selected from the group consisting of H, alkyl, ‘
cycloalkyl, aryl, -SO;R", -SO,;NR', -COR' wherein R' is H, C)-
Cyg alkyl, cycloalkyl, aryl, or perﬂuoroalkyl; .
Y2 is independently selected from the group consisting of aryl,
10 . CR™;wherein R™ is H, C;-Cis alky}, cycloalkyl, or aryl, (CR'%;) n-
~ OR™, (CR";) n-NR'® wherein n is a number between 0 and 3,
wherein R"® is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R"", -SO;NR'%, -COR" wherein R* is H, C-
" Cis alkyl, cycloalkyl, aryl, or perflucroalkyl;
15 Z is selected from the group consisting of (CR';),-OR™ wherein n = 0-3.

Formula II-A

In other embodiments of the invention a ligand of the structure of Formula
20  H-A may be substituted for the ligand of Formula II, and wherein an aromatic ring
carbon in the ortho position to an O bonded to a P may be bonded through (Z.l)nl )



SR

PCT/ US00/ 25547 to another aromatic ring carbon in the ortho position to the_
other O bonded to the P; wherein Z' is independently - Rl 49 h&no2qad each
R 7 and R 8 are indepehdently selected fromthe group consisting of H,

to ClWa0IRAE67 cycl oal kyl, aryl, or substituted aryl, n'pCRUSORE®? one or
zero, and wherein it is understood that n' = 0 represents a bond repl acing
the two ar ¥n#ti-c-riarorgatinang garhen inrthe prthe positign tothe other Rebondad ttherent s of
the inventign a ligand of the structure of Fornula 11-B may be substituted
for the ligahd of Fornula Il, and an aromatic ring carbon in the ortho
position to an Owhersde®'ivindefRndentlype bonded through (Z' )n' 'to 15 anot her
aromatic ring carbon in the ortho positign to the other 0 bonded to the P
wherein Z' is independently R17 R78 amRl®ach R 7 and R18 are -
i ndependent |y sel ected fromthe group cpnsisting of H Cl to Cs alkyl,
cycloal kyl, aryl, or substituted aryl._m__is either one or zero; 10 19
March 2004 WO 01/ 21567 PCT/ USO0/ 25547 éFd wherein it is understood that n'
= 0 represents a bond repltacing the t\/\%ﬁ;onatic ri ng hydrogens .

5 and each R'? and R" are*indegéndenﬂy selected from the group consisting |
of H, C, to Cis alkyl, cycloalkyl, aryl, or substituted aryl, n! is either one or zero;

and wherein it is understood that n' = 0 represents a bond replacing the two

aromatic ring hydrogens,

Formula II-B

10

; In other embodiments of the invention a ligand of the structure of Formula d H':)
' [I-B may be substituted fér the ligand of Formula II, and an aromatic ring carbon -
in the ortho position to an O bonded to a P may be bonded through (Z')n' to
15 another aromatic ring carbon in the ortho posiﬁon to the other O bonded to the P;

wherein Z! is independently

! : R17

and each R'7 and R*® are independently selected from the group consisting
of H, C; to Cy3 alkyl, cycloalkyl, aryl, or substituted aryl, n' is either one or zero;

10



.Furthernore, in enbodiments of the invention utilizing Fornmula Il, Fornula
I1-A or Formula U-B, either Y or YZ nmay be linked with Z t@ hﬁlggcm_ﬁ?MS

cyclic ether. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI ME

i nvent VA 8156V des for an inproved hydrof or rryl ati on pr opEFUESssdT enpl oys

certain multidg t‘,ﬁ{e? phitg,lt ns usef ul
10 in the’ process e§| nvent i oﬁ%ﬂ?c%r se %?'Ergpqméden dte
phosphite li gaminatmjtmghydmganm on netal .- The dival ent .bridgi ng conpounds

used in the |igand crrbe.dr Fornul a A and |1-B
may be prepared bysFa'r&’ﬁ Q’F‘i’ﬂﬂﬁ Oﬁkﬁb%f? PWW%Om\t’&hexarrpl e,

di et hyl 2, 2° mrﬁudrmwbrﬁor&uiMlmehh&aYbaﬁg y bd BinkbdGRRIP 21y FGHhea Can be
prepar ed accor di ng to J. Am Chem Soc., 1954, 76, 296 or in Tetrahedron

Lett., 1099, &Ydigsfierrg. Proc. Prep. International, 1991, 23, 200;
2,2 -et hyl i denebi s(4, 6-di net hyl phenol) can be prepared according to Bull

Chem Soc,. Japn., 1989, .62, 3603; 3,3',5,5 -tetranethyl -2, 2*-bi phenol can'

be prepared accor ED D CHeW OF THE3 RE RREDEMBODIMENTS .

‘2, 2" -di hydr oxy- 3, 3'.~di.net hoxy- 5, 0 dj met . - bi.phenyl'ene can be

pr epar ed ‘accor di ng W‘EW’BE%@W@%‘%’W”V y gnylgtmgrocessw ch

3, 3' - di met hyl edploystieRui audénite prbiphita ¥ &am%aﬁrﬁpar tfons QN9 t0

Synt hesi s 1981%; 143. 3,3',5, S%ﬁm-He@g!anethyl H%S)rsllenol can be’

prepared &8 cor'"drb?g)reeﬁssPf@smeumarem@emseegﬁsmuiudeeatesmosmucdigaa&ydes can

be prepared bg?f] ln{re?ﬁ in the .25 art. For exanple, an acetal can be
ef ['uxi ng a g

prepared by r ycol with salicylaldehyde in the presence of
oxal i c aci d cat al yskhe drealemt btidging compbatidsnised i the gigatieidasibby id he aci d

el T AL e i

Zlibsg tut ed p'kﬁﬂ%ﬁnﬁ?éhrbq?&%ﬁﬂﬁf:ﬁddﬁﬁaﬂ%%cihﬁﬁﬁrdx?l £ EhinaphthIART, 330 1988,
15

dicarboxylate can be prepared according to J Am. Chem. Soc., 1954, 76, 296 or in
Tetrahedron Lett., 1990, 413 and Org. Proc. Prep. Intéfnatidnal, 1991, 23, 200;
2,2’-ethylidenebis(4,6-dimet:hylphenol) can be prépared according to Bull. Chem.

- Soc,. Japn 1989, 62, 3603' 3,3°,5,5’-tetramethyl-2,2’-biphenol can be prepared
according to J. Org Chem 1963, 28, 1063; 2,2'-dihydroxy-3,3' -d1methoxy-5 5%

20  dimethyl-1,1 -blphenylene can be prepared according to Phytochemistry, 1988,

27,3008; and 3,3"-dimethyl-2,2’-dihydroxydiphenylmethane can be prepared
according to Synthesis, 1981, 2, 143. 3,3’5,5°,6,6’-Hexamethyl-2,2"-biphenol can
be prepared according to JP 85-216749. | |

) o | ~ Acetal substituted salicylaidehydes can be prepared by those skilled in the

25  art. For example, an acetal can be prepared by refluxing a glycol with

sal_icylaldehyde in the presence of oxalic acid catalyst. For references for
preparing acetals by the acid catalyzed reaction of an aldehyde and an alcohol, see
Tetrahedron, 1996, 14599; Tet. Lett., 1989, 1609; Tetrahedron, 1999, 3315.
Cyclic ether substituted phenols can be prepared as described in dust. J. Chem.

30 1988, 41, 69-80. -

' Phosphorochloridite may be prepared by a variety of methods known in
the art, for example, see descriptions in Polymei', 1992, 33, 161; Inorganic
Synthesis, 1966, 8, 68;.1).S. 5,210,260; Z. Anorg. Alfg. Chem., 1986, 535, 221. )

- With ortho-substituted phenols, phosphorochloridites can be prepared in situ from

1
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. Phosphorochloridite may be prepared by a variety of nethods known in the
~art, for exanple,. see descriptions in Polymer, 1992, 33, 161 mhfRRRH88Ri C

Synt hesis, 1966,8, 68;.U. S. 5,210,260; Z Anorg. A I g. Chem, 1986, 535,

221 W17t ho- subst it ut ed phenol s, phosphor ochl ori dPCEASINASHE prepared .

Ipﬂefllolt udf roﬁbgﬁéﬁ‘o%ﬁ;%& czﬁoggéxgﬂ’q‘f’/?é%ﬂqﬂgg/ 3%84155‘3 Cég’e %?f%li tsrl'?u f Lom
PC13 1- : A
an TN ?’dlﬁ;ll'iiqeﬁag}hﬁﬁfﬁﬁl he l&??lﬁg%?albhé%q&er r gﬁ%@r@%pg ; not her

process for preparing € CONprises

N, N-di al ky|AﬂbﬁENﬂ)ﬂéBé§§Wr@p§h-ﬁ tﬂﬂ:;m deflorodHd édnifisés asmienesr prepared in
5 this manner, see Z. Naturforsch 2, 27B, 142 Phosphorochl oridites

derived f ro%%@!ﬁ,kyltd!mﬂﬂhmﬂmdltﬂa‘mh B GIPEPMedias beemyprepared i ocedur e as

describ conmonl| ed, U en 5,821, 378. By contacting
et hus obfbis FEtaE i Foensorsthelode s . 1129, Phasbpiblostites ioRvedy ¢ h o
di val ent brigai siBstaiR phhbls hdve ﬁe@ﬁsxh?mgsme@tné%a&s&mdw 10 U.S.
Patent ‘No. 5,235,113, a-bidentate phosphite I'igand is obtained which can be

used in thec%?@eélé(sﬂ&s@@r{dﬁngatﬁmﬁmé §218: i on. Bi s(phosphite) |igands
supported on pol C r epar ed by
si m | ar. nethods, ﬁg‘%ﬁ{a‘g@gt ose. g‘é@g‘}% Ar?’i)ehé %refndﬂ-%aﬂﬁﬁl%:e?

Carr eaux, Faryl, @aﬂba)dwaleﬁt brivgihgSmuippand, fArcxa”ﬁqﬂe bjaﬂtkrmethbétdbsqnbtaaﬂ 15
38,515 15 i m Ac 973, 56, 1474- 148 The
transi ti%n ﬁé Iat% °b€'2%£§/a P%ﬁ%‘ dBP el Fary fbut

catal ytic' {idedns i isORoRlIRl {HFike ﬁg@hﬁ&pnal Iy contain |labile I i gands
which are either:displaced during the catalytic reaction, or take an

active part in tBis(ehnsphite) ligandsisuppsirted watplodirmeransinpsuchtas M?rallf@ldc $on netal 5‘3
may be co ns}cgﬁrc%q Herpréptll'eﬁ B es%%ﬁgr methods, such as those described in Hetet, C. L.,

Dawd M Carreaux, F. Ca:bom, B. and Sauleau A, Tetrahedron Leit., 1997
' 15 ' 38 5153-5156 and Glsm, BF. Helv Chzm Acta 1973, 56, 1476-1482
; The u'ansmon metal may be any transmon metal capable of carrylng out

N :
o cataiyhc transformatlons and may addluonally contam labile ligands which are
A elther dlspiaced dunng the catalync reactlon, or take an active part in the catalytic
_transformatlon Any of the transition metals may be cons:dered in this regard.
20 The preferred metals are those comprising group VIII of the Periodic Table. The
o -prcferred metals for hydroformylatlon are rhodlum cobalt, mdlum, ruthenium,
- pa.!ladlum and platinum.
. . Group Vil compounds sultable for hydrofoxmylat:on can be preparcd or . )
‘ : generated accordmg to tcchmques well known in the art, as described, for | |
25 example WO 95 30680 U S. 3, 907, 847, and J. Amer. Chem. Soc 1993, 115,
2066 Examples of suitable Group VIII metals are ruthemum, rhochum, and
| mdlum Sultablc Group VIII metal compounds are hydndes, hahdes , organic acid
.. saits acetylacetonates, morgamc ac1d salts OXIdCS carbonyl compounds and
- amine compounds of these metals. Examples of suitable Group VII metal
30 . _compounds are, for example Ru;(CO)u, Ru(NO3)a, RUCI3(P1’I3P)3, Ru(acac)s,
o 1£4(CO)r2, 1O, RACl, RE(NOs)3, Rh(OAc)s, RhyOs, Rh(acac)(COY,
. [Rh(OACJ(COD)]z, Rh4(C0)nz, Rhe(CO)m, RHH(CO)(PhsP)s, Rh(OAc)COxL, -,
_ and [RhCl(COD)]z (whcrem ‘acac” is an acetylacetonate group, “OAc” is an

12



.20 The preferred netals are those conprising group VIIl1 of the Periodic
Table. The preferred metals for hydrofornylation are rhodiiyw ,&ﬂ%loh
iridium ruthenium palladiumand platinum Goup VIII conpounds sui tabl e
- for hyﬁﬂ’%mﬁ’ﬁﬂ ation, can be prepared or generated acc@GhU8PO28547echni ques
wel | known i “ d -for, 2 xa e, s 680, u S
3,907, 84. 7, %ﬁgﬁkﬁérm%hgﬁsspago To0s 455 "5 pndBiaedd000 O 5 o e
Group VI medewevesribshoyldernated thaﬁhdﬁrwp‘dﬂdimatailcdmpmm&nre abte Goup VIII

ggte?;l ggg?gﬁa%eéém 0 %ﬁa’ﬁ‘ﬂ%ﬁ&m g an| § a@ﬁd%li? ‘&imﬁtﬁbﬁds and

am ne conpourpfefeﬁbliﬂﬁﬂﬁ:ﬂrekﬁdﬁum& hﬁﬁtﬂitoﬁﬂﬂaitﬂlﬁﬁ&dﬁn%@ééh'ﬂe metal 30
- conpounds .are,, for Ru3(CO) 12, Ru(NO3)2, RuCl3(Ph3P)3, Ru(acac)3,
1r4(00 123 14 a“ﬂﬁ’égg)mwwﬁ@hOW@@l}@ predemsd sowwee o€ sodium) 2,

Rh( OAc) (COD Mﬁ;@ P‘g& 2] 2,
Eand([R(r:])Cl((CO)DE’?&in V\hel’elhgl-&eg.e?aké%l S an acety ace Iﬂhggtbéigrgﬁi%gpl]s an
12 WD 01/ 21568009 #COOHLO-PCHYBB/DSBHACE) 2t Rhe(GO)1pRU(WGATH, ),

1, 5-cycl oo - " is v.phenyl group). However, it should be
noted t hat tr@délﬂ%ﬁﬂwﬁrm@tea Rhoslivys srbROriA ©n sarbon aasealse be psed inghised .t o

t he above Ilskﬁq,‘:gorrpounds The G oup VIII netal is preferably rhodium
Rhodi um corrpounds that contain |ligands which can be 5 di splaced by the

mul ti dentl&t e phosphltes are a pref erred source of rhod| um Exarrpl es of such
preferred rhodi upegR .

Rh( CO) 2( C4H9000HCS

and Rh(2- et hyl hexaﬁm@FomMMmmmm@gnﬁpmcmwmsbe used in

,‘tjn S respect.
The present invention also provides a process for hydroformylation,

comprising reacting a monoéthylenically unsaturated compound with a source of
15  COand H, in the presence of a catalyst precursor composition comprising a

transition metal selected from the group of Co, Rh, ku, Ir, Pd, an& P, and at least

one multidentate phosphite ligand selected from the group represented by Formula

-1,I-A,1-B, I_I' ,1I-A ,or II-B as ciescribcd above,
Representative ethylenically unsaturated compounds which are useful in

20 the process of this invention are shown in Formulae 111, V or VII, and the

correspondmg terminal aldehyde compounds produced are illustrated by Formulae

IV, Vlor VIII respecuvely, wherein like reference characters have same
meaning.

: : Catalyst
. HyC—{CHoy—CHE=CH(CH—R"® — oo . HC—(CHy)y—R'®
: | | H,/CO |
Formula ITI ' ) Formula IV
' or
25 '
Catalyst
e Composition ' ;
H,C=CH~(CHy), R™® : > HC—(CHpyr—R"

H,ICO

13



10 DESCRI PTI ON OF SPECI FI C HYDROFORMYLATI ON PROCESSES - HYDROFORMYLATI ON OF
MONOOLEFI NI C COVPOUNDS The present invention al so ‘provides @ MLRAS9H4f OF
hydr of ormyl ati on, conprising reacting a nonoethyl enically unsaturated
conpodYROL2B6Y a source of 15 CO and H2 in the presencePGFUSOOEEH| yst )
precursor conposition gonprisjng a transition netal selected frqmthe group
of Co, Rh, Ru, Ir, Pd,f%fﬁlé‘lﬁv, and at least one nulti denﬁ:gf‘@“{ﬂag]sphi te
| i gand sel ect ed fwhéereinhe group represented by Formula 1, I-A, |I-B,
11,11-A, or HB as described above. Representative ethylenically _
unsat ur at ed conmpdiids HuEIN I CQuR2% epparflusmalkgl) t he process of this invention
are shown in FornuJ.ae.lll:- , M or VIl, and the correspondi ng term nal
al dehyde conpound&SFRdeiseF Pt 2% ustrated by Formulae IV, VI or VIII,
y, -

respectiwely, wh o0 3l (e &re B ' .
G (o) v Ol = el el S B G BB 834, EHi0 CORREABRr AR, 1) oo
Forrmul a |1l For mu 2 ah\Yotepér ofS ©02AC whék ROH2CK:Rh@ Cat al yst  Conposition

H21CO 13 HC (CH2) x+z7-R19 - i
R20 is C; to Cy5 alkyl, or aryl.

CHO
Cétalyst
Composition Y
H,ICO
10 ' Formula VI | R " Formula VIII

R21 is an alkyl, aryl, aralkyl, alkary, or fused aromatic group of up to 20
carbon atoms; R2! may further be branched or linear; R21 may also contain
heteroatoms such as O, N, and F.

" The nonconjuéated, aliphatic, monoolefinically unsaturated starting
15  materials usefud in this invention include unsatu_ratéd organic compounds
~ containing from 2 to épproxirﬁaiely 30 carbon atoms. Suitable unsaturated

compounds include unsubstituted hydrocarbons as well as hydrocarbons

unsaturated compounds include monoethylenically unsaturated compounds
. 20 containing from 2 to 30 carbons such as ethylene, propylene, 1-butene, 2-pentene,
ks 2-hexene, eté.; gonééﬁjﬁgated diethylenically unsaturated compounds such as
allene; ethylcrﬁéaliy unsaturated compounds having perfluoroalkyl substituents
such as, for example, C,F5,+;, Where z is an integer of up to 20; and substituted
compounds such as allyl alcohol, 3-pentenenitrile, 4-pentenenitrile, methyl-3.¥
25  pentenoate, methyl-4-pentenoate, 3-pentenal, 4-pentenal, and functional

| ‘derivativcs, such as ac_étals, fmines, and hydrazones derived from 3- or 4-

| pentenal, As used he_feih, the term “pentenenitrile” is intended to be identical |
with “cyanobutene”. The monoolefins propylene, 1-butene, 2-butene,

14

substituted with groups which do not attack the catalyst, such as cyano. These ' ) '

o i



.19 March 2004 WO 01/21567 PCT/US00/ 25547 Formula V Formula VI wherein

R19 is H CN, CO2R20, or perfluoroalkyl; 'y is an integer ofgRQaf2bda 5 X
is-an integer of 0 to 12.when R19 is H CHO CO2R20 or perfluoroal kyl; x
Jis an MR of | to 12 when R19 is CN, and R20 is-Cl tBCTUSOMASRAA , or

v aryl. CHO Cat SlokiknerpR @ petehlBlifriR 2R JSBETMPpdda0T Milpfacd If R21 1S an

al kyl, aryl, aralkyl, alkaryl, .or fused aronatic group of Up to 20 carbon
atons; R21 mespatier; when tho @ohcanjngated aliphatinmenpetRglenivally ahsaturatedt ai n

h h 0, N d FE. _.Th | L d | i phat.i~&, .
monoolef i i copirapeRdsiin e Eit devarsents A BRNIAVERAGH. we e it 0% by pieht
i nventi on i ncofitie monséathylesicalty @isgmindted 6GHpOuitmay 60 predkmtiin ¢he fobf1of at O

approxi mately 30Q carhon atons. :Suitabl'e unsaturated  conpounds include
unsubst i t »t edIYREARAIs PR Which iself mey undereoduidrefermylationt i tuted with groups

whi ch do not att ackrefhRdafd ﬁéﬂé&{gﬁw Bnés agy&@g.m'ﬁ%ﬁ%%gm%agr at ed

conpounds i ncl ude nonoet hyl eni c y unsat urated co ont ai ni ng
from2 to- 30alkencoitrilesmeshoniugaiedalkdimentemoates) meonjsgated pensenats, peetakene,

2-hexene, et Cqq ARARHUAELES olh SLHIOFOUIER oty RSPV R RS SOTRBUASE, Such as

include methyl-3-pentenoate, 3-pefffenal (3-pentenealdehyde), 3- and
10 . 4-pentenenitrile and C,F,,,CH=CH, (where z is 1 to 12).
The preferred products are terminal alkanealdehydes, linear aliphatic
aldehyde nitriles, and 3-(perfluoroalkyl)propionaldehyde. Most preferred
- products are n-butyraldehyde, 2-phenylpropionaldehyde, and 5-cyano-
| valeraldehyde. ' o
15 . The reaction conditions of the hydjoformylation process according to this
invention are in general the same as used in a conventional process, described, for
example, in U.S. Patent No. 4,769,498, which is incorporated herein by reference
and will be dependent on the particular starting ethylenically unsaturated organic
compound. For example, the temperature can be from room temperature to
20  200°C, preferably from 50-120°C. The pressure may vary from atmospheric
pressure to 20 MPa, preferably from 0.15 to 10 MPa and more preferably from 0.2
to-1 MPa. The pressure is, as a rule, equal to the combined hydrogen and carbon
monoxide partial pressure. Extra inert gases may however be present. The molar
_';\) ; , _ ratio of hYdrogen to carbon Iﬁonoxide is generally between 10 to 1 émd 11010,
25  preferably between 6 to 1 and most preferably 1 to 2. -
| - The amount of rhodium compoﬁnd is not specially limited, but is optionally
selected so that favorable results can be obtained with respect to catalyst activity
and economy. In general, the concentration of rhodium in the reaction medium is
between 10 and 10,000 ppm and more preferably between 50-500 ppn'l, calculated
30 as the free metal.
The molar ratio of multidentate phosphorus ligand to rhodium is not
specially limited, but is optionally selected so that favorable results can be
obtained with respect to catalyst activity, aldehyde selectivity, and process )

15



all ene; ethylenically unsaturated conpounds having perfl uoroal kyl X
substituents such as, for exanple, CzF21+1, where z is an {fgWsgR~208hF up to
20; "and substituted conpounds such as allyl alcohol, 3-pentenenitrile,
4- penO 1387 | e, nethyl -3 25 pentenoate, mnethyl - pent entGEES002582nt enal |
4- pent enal , @bk NThisGads (Wald j,/A.nes s,and
hydr azones deri vﬁél% ﬂﬂosm 3- g%%l%grﬁdgﬁgwl.ﬁ%@ggﬁﬁﬁégﬁ?bt he t'et?m

" pent eneni t rli0l(@wolesofi ligapd e tholes dfandtaldnt i cal  with "cyanobut ene". The

nonool ef i ns propyl.e 1 e, .2- but ene 9 rch. 20 WO 01/£21567.
PCT/ US00/ 25547 %ﬁé’ﬁ&é’ﬁ é’ﬁ?‘!t‘i&ug‘ﬂé? “%‘n%‘lﬁzf-gg%'ﬁi"f?%g #ﬁ%‘f"&%r"é’g g%'ﬂé‘!?f‘gﬁ' ?‘ix
preferred t catlystaeidtaftiand peddvet., TN S vénb erayHRGOAUEE bE tkadiahB)dich Gs

nonoet hyl eni&ﬁal | y, unsat urat ed - conmpounds_  are used in_accordance with this-

i nventi on, (P FEttNEoHsANEEdcompauTH; the sldehyide profueandios Ry wMdustsunsat ur at ed
conpound naygHabR BRehis -ih&u&@?au%%éfa‘% ShiaRRhsk R ?ieraﬂﬁl gh itself

may under go hydrof ornyl ation.. are nonconj ugat é t near al kenes,
nonconj ugat ewclohexane, ethtissnenas dipheny] ethon detrghydeofierdn af kpblyghreoknoat es, -

i : | |, ivati f ! d
bor 1 ot oal KSHOHED HiftChsdae By kel Al sy dioRnafe SR b &
net hyl - 3- penhethglghttaroRitiR) valeanittif, RAD bapoaltdRD MdMaticdsuch g tdlfene,

4-pente28nitrile an F2 i CH=CH2 (where z is 1 to 12). The preferred
pr oduct $0ar ez AR XYIgneg5bets sioh asanethyl vadarate and saprelastongy dehyde nitril es,

and 3- (per fl4Qe08R48¥h | ?M?él{'an? I re

n- but yr al dehyde?ﬁ%-phéﬁ{/ﬁggﬁﬁéﬁ’g%gﬁy e, an t@fl%e%ﬁgqneeﬁg#gécﬁgﬁyde' 15
The react i ommaynidd be conglustedtwith teadtantsandpraductsnin theqgas phaseccor ding to this
| nvention are | rbrgt%pa%iyallwl{egea 1?q%1”§reaass:tigr? Elccidfmr}l %'u%gd:\t/heen}e.lagn%%lm&mre_ s is >’

)

—

descri bed, for
agitated, such as by stirring or shaking.

15 _ Other catalysts useful in the practice of the present invention consist of the
class -6f:=polymer—_supportedbis(phosphorus) ligands in combination with transition
‘metal compounds, the metals of which are, for example, thodium, ruthenium,
- cobalt, palladium or platinum.  Alternatively, useful catalysts can be prepared
~ from a combination of bis(phosphorus) ligand and a suitable transition metal
20 complex, such as Rh(acetonylacetonate}{CO), or Rhy(CO);,, dispersed on a
‘suitable support, such as silica, alumina, carbon or a polymeric material. - |
‘The hydroformylation process according to the invention can be
performed as described below: -
; ' The preferred temperature range is from about 50°C to about 180°C, most )
25  preferably from about 90°C to 110°C. The temperature:must be'chosen so as to
“maintain all of the reactants and products in the vapor phase, but low enough to
‘prevent deterioration of the catalyst. The particular preferred temperature
depends to some extent on the catalyst being used, the olefinic compound being
used, and the desired reaction rate. The operating pressure is not particularly
30  critical and can conveniently from about 1-10 atmospheres (101.3 to 1013 kPa).
The pressure and temperature combination must be chosen so as to maintain

reactants and products in the vapor phase.
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.exanmple, in U S. Patent No. 4,769,498, which is incorporated herein by
~reference and will be dependent on the particular starti nmgqugaéhez@ipgal Iy
unsaturated organi c conpound. For exanple, the tenperature can be from

- room t BHHEEH ¢ t 0_20 200C, preferably from 50-120C. THRCHUSSLEHME may vary

from at nospheric essure to. 20 a... preferabl romO0.15.tp. 10 MPa and
more preferably frﬁﬁWVE““Q%WFR@g&ﬂHE%Pa?§@%f°h§W%'W@$ equal to
the conbi ned &MEAGAT RASinEAHRIAINeAD BYdot SwidtihiafllpaRE GrSptirBensEdtd @ i nert
gases may however. be present. The nolar ratio of hydrodgen to carbon

monoxi de i s gRaresniagey atehyweight, gnless otharwiselindisated, 25 preferably bet ween 6
to 1 and nost preff%@?ﬁﬂoxbin %eﬁm .oﬁggrcgag?g%tbéco&h&ek\?%ggae%@%gﬁe i's not

specially limted, but I's optiena d SO avor a results -
can be obtsai nggheav inlthisapgxifi¢ation: cat al yst activity and econony. |In general,
the concentration gf rhodiumin,the. reactio diymis,  between 10 and

10, 000 ppm and mrﬁ%@%&%‘]@a@é‘ esignaigs 8 %E'P!Fﬁ\"'&tfgﬂn“@@%as t he:
free nmetal . TéR Kydrdgen At BadbedhtehioVed! Sich MONBRIEYaH SohtaAithié, AoubRdi UM i s
not specially Iimted, but is optionally selected so that favorable
results can b trplethondsd with respect to catal yst activity, aldehyde
selectivity, and process 15 1.9 March 2004 WO 01/21567 PCT/ US00/ 25547
econony. This ratiq generally is fromabout 0.5 to 100 and preferably to
10 (nol ed0of M3farmiethyl Bkenatnodteret al ). The choi ce of solvent is not
critical provégﬁo}l ir.?e S Ivegi is not detrimental to catalyst, reactant and
product. The e "ﬁ"ﬁ&"’ﬁ Ofii xt ure of reactants, such as 5 the starting
unsat urated CRHROUpthyidfing! dehyde product and/or by-products.” Suitabl €

;splvents include saturated hydrocar bons such as kerosene, nineral oil or
o Cl;: phosphorus trichloride :

THF: tetrahydrofuran

15 3PN; 3-pentenenitrile
2PN: 2-pentenenitrile
4PN: 4-pentencnitrile.
2M3: 2-methyl-3-butenenitrile
VN: valeronitrile

20  3FVN: 3-formylvaleronitrile
4FVN: 4-formylvaleronitrile
5FVN: S-fonnylvaleroniuile
BD: 1,3-butadiene

c= cis

.

25 t= " trans - o - : -
L/M = ligand/metal _
An example of the protocol used to calculate conversion, linearity, and
selectivity for a hydroformylation reaction follows:
Total = c2PN+VN+H2PN-H3PN+4PN+c3PNHFVN+3FVN+S5FVN
30  Products = c2PN+VN+2PN+4FVN+3FVN+5FVN
.Accounting = Total/amount 3PN added initially
Conversion = Products/Total
Linearity = 5SFVN/(SFVN+4FVN+3FVN) '
Selectivity = SFVN/Products - o
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cycl ohexane, ethers such as di phenyl ether, tetrahydrofuran or a

- pol yglycol, ketones such as nethyl ethyl ketone' and cycl 04
nitrites such as nmet hyl glutaronitrile, valeronitrile, and benzonitrile,

ar omeWP®2E6th as tal uene, 10 benzene and xyl ene; est ePCTHEON2E47 et hyl

val erate and caprol actone, dinethylformanm de, and sul fones such as
tetranet hyl enesul fone. The reaction may al so be conducted with reactants
and products in the gas phase. Prefmg &1 when a liquid reaction nmediumis
used, the reaction mixture is agitated, such as by stirring or shaking. 15
CQther catal ysts useful in the pﬁ!ﬁﬁﬁ&&&ﬁﬁﬁﬁﬁdéipresent i nvention consi st of

the class of pm%ﬁﬁgnpouﬁ(g% québaépﬂ,? ?{ﬂﬁ".l Cé]w&ﬂrtg $ ol BorRmination with

transition neta are br exanpl’e, rhodi um
rut heni 8m mxaliahtid ([dag, /14 damol)andpblaenen(d 50 nﬂ.)twema:bmbahqd anddehted toat al yst s

Gl t a1 6 ¢ HEREE farh Ffe i SERSEAER FOPiBpe S SRECRRCE A58 S ACH nat o) (0O 2

-or  Rh4( CO) Igap. dA fiBCIoDREg, %aﬂﬁ&unt‘aalwasﬁwmtuamepaa&dﬁhnwam@l um na,
carbon or a poI meric nmaterial. The hydrofornylation process according to

the i nventiBhe m%wawﬁmmﬁ&@w@déhq sndvens avas\gvapRiated te gister 26
t enper at ur 'l? g(ﬁjy 80C, nost 25 preferably from
about 90C toa%q%g fs‘glfdnnpera[:rgre nusp‘g%e C osen so as to maintain all of

“the reddants and products in the vapor phase, but |ow enough to prevent
deterioration of the catalyst. The particylar preferred tenperature
depends to sone extent on the cat almzng used, the olefinic conmpound

being used, and the desired regghtheds bPALetallBe Operating pressure i s not

parti cul arly 30 critical and can convenrenily from about 1-10 at rmspheres )

- (101.3 to 1013 kﬁd)cylaldahadpfwwwmlu%mc@ob@é&mﬁ«%mbnandm be
chosen SO 352 JIf (A5, .05 S5 VAR SaaB T ROPHY tofuchl ahl et BPEY rebilizse- 16

15  for 8 hours in an apparatus equipped with a condenser and a Dean-Stark trap.
After cooling, the solution was washed with NaHCO; and distilled water, and the
solution was dried over MgSQ;. The product precipitated when the solvent was
being evaporated. The solid was collected and dissolved in hot hexane. The
solution was filtered through Celite® (a filter aid manufactured by Johns Manville

20  Corp.), and the product was crystallized to give 108 g of an off-white solid.

Example 3
Synthesis of Acetal C _ -
; : Salicylaldehyde (24 g, 0.2 mol), neopenty! glycol (20.9 g, 0.2 mol), oxalic )
25  acid (1 g, 11 mmol), and toluene (150 mL) were combined and heated to reflux

for 2 days in an apparatus equipped with a condenser and a Dean-Stark trap. After
- cooling, the solution was washed with NaHCO; and distilled water. The solution

was dried over MgSO,, and the solvent was evaporated to give 39 g of a white

solid, which was crystallized from hexane.
30 ‘ '

Example 4
‘ Svynthesis of Acetal D)
Salicylaldehyde (12.2 g, 0.1 mol) and trimethylorthoformate (10.6 2,01 '
mol) were dissolved in dry MeOH (40 mL), and H,SO; (0.25 g) was added. The

18



19 March 2004 WO 01/ 21557 PCT/ USO0/ 25547 The i nvention wil| now be

illustrated by the following non-limting exanples of certg %%4rrents
t her eof vvherel n all parts, proportions, and percent ages are i'ght,
. unl ess“g? %Se indicated. The fol | owi ng definitions arf 4%5&6

wher ever t he reletion eds stiredsfor 3 dapp@nier hitrolghh &t mﬁpﬂefu'peﬁmuen Th&’hactlen m

"hydr ocar byl esi ydr.ocarhon nol ecul e fraom whi ne hydrogen
at om has beeW&‘Fﬁ‘%&a%ﬁd@Hﬂ Wﬁ%@%&?ﬂ%ﬁ%}ma %@ﬁqﬁo@%" or triple
bonds. 10 MBMecithé ¥ilo rBande s vhediih WRHAGE (&S £BE °CES Rh
triethylam ne PClSmpho orus tr| chl ori d%c THF: tetgahydrof uran ]?5 3PN
3- pent eneni t @Anf 3. 93Mmae:pdmaer¢eli¢qt¢d le 4PN 4-pentenenitrile.” 2MB:
2-met hyl - 3-butenenitrile VN valeronitrile 20 3FVN. 3-fornylval eronitrile

4FVN: 4-formnylvaleronitrile 5 F VN: 5 -fornylvaleronitrile BD:
1,3-butadiene Ccis 25t = trans Example 5

-

Synthesis of Amino-Acetal E
Salieylaidehyde (6.11 g, 0.05 mol), 2-anilinoethanol (8.23 g, 0.06 mol),
and oxatic acid (0.45 g, 5 mmol) wéfe dissolved in toluene (50 mL) and heated to o
10 reﬂux overmght in an apparatus eqmpped with a condenser and a Dean-Stark trap.
| Aﬁer cooling, the solution was washed with aqueous NaHCO;, dlstllled water,
‘ and the toluene solunon was dried over MgSO4. After filtration, hexane was
) | added until the product began to precipltate 5.89 g of solid was collected.

15 " Example 6
S\_mthems of Acetal F

A 300 mL ﬂask was charged with- 14 929 g of Schlorosallcylaldehyde,
12.409 g of pinacol and 0.300 g of oxalic acid and 150 mL of toluene. The flask
was connected to a Dean-Starke trap and the mixture refluxed overnight. The

20  mixture was washed with aqueous sodium bicarbonate and the organic layer was
dried over magnesium suifate. The solvent was removed by rotary evaporation.
A yellow solid was obtained which was recfystallized from hot hexane. The solid
was washed wnh acetonitrile to give 7.118 g of white solid. "H NMR (500 MHz,
i ) _ CeDs ,8): 7.9 (s, 1H), 7.17 (d, 2.6Hz, 1H), 7.08 (dd, J=2.6, 8.7 Hz, 1H), 6.73 (d,
25 J=8.7Hz, 1H), 6.02 (s, 1H), 1.26 (s, 6HO, 1.18 (s, 6H).

_Example 7
Synthesis of Acetal G
| A flask was charged with 18 g of 5-chlorosalicylaldehyde, 13 g of 1,3-
30 propénediol and 2 g of oxalic acid and 200 mL of toluene. The flask was
‘connected to a Dean-Stark trap and the mixture refluxed for 12 hours. The
‘mixture was washed with water and aqueous sodium'bicarbonate. The organic

layer was dried over magnesium sulfate and the solvent removed by rotary )
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L/M = ligand/netal An exanple of the protocol used to calculate conversion,

linearity, and

= C2PN+VN+t 2PN+t 3PN+4PN+Cc3PN+4FVN+3FVIN+SFVYN 30 Products =

c2PN+\WBIJBﬂ§G?4FVN+3FVN+5FVN Accounting =

Tot al /am)unt SRidTAckdedss4ni tial |y

selectivity for a hydrofornylation reactiomnd gll@vegoqTot al

Conver5| on = Prodycts(Total Linearity = 5FV HAFV, N) Selectivity )
5FVN/ Pr odLF'é?iEO@'?U‘l rsmh&hmzoea Nﬂz&ﬁs‘ed\' %é Q%%’;X UpOB il e 1

. stﬁﬁi:‘ﬁ |1 ﬁkﬁg Q(bg(;ga{) et gl ycol
(31 g, 500 nmo ga |c aci rq&ﬁ;’s)%ﬂ’mb l)-l-?’ an uenieﬁ¥15g m.) were
canbi ned ano(dﬁ,e.h#eds Bde,afH)eﬁ@c(ﬂ,&&:iﬁiz, 1iH), 4.876pHH),a3.0% (ag2HpRA9 Wi th a
condenser an - 5 St a t : ter cooling, the solution was washed
wi t h NaHCO3 &l?@@?f%mgﬁ“’ﬁﬁk solution was dried over MgSO4, and -
was evaporated to give 26 g of an off white solid. It was
crystallized from hexane. 10 Exanple_2 Synthesis of Acetal B

Sal i cyl ai dehyde (244 g, 2.0 nol), 1, Exampledhediol (228 g, 3.0 nol),
(4.5 g,~0.05 nmol) wereg,, gfs%ftA%eéﬁ) nmL toluene and heated to

Synt hesi s of

t he sol vgnt

oxalic acid
reflux 15 f
Dean- Starkt

or 8 hours in an app
rap. Sahcyla.ldehyde (24 g, 0. 2 moI), 2-methyl-1, 3-propanedxol (18.0g,0.2

mol), oxallc acld (2 0 g) and toluene {250 mL) were combmed and heated to

o reflux for 2 days in an apparatus eqmpped with a condenser and a Dean-Stark

trap After coohng, the solution was washed with NaHCO4 (2 x 30 mL) and
distilled water (30 mL) The solution was dried over MgSO4, and the solvent was

‘evaporated to give39 g of a white solid, which was crystalhzed from hexane.

10

15

7 -Example 9
Svnthesis of Ligand A

Acetal A (1.33 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled to -40 °C. Ef;N (1.0 g, 10.0 mmol)
in toluene (15 mL) was added di-opwise with stirring. The reaction was allowed
to slowly warm to room temperature then stirred overnight. A mixture of EtsN
0.4 g 4.0 mmol) and d1methyl 22 —dxhydroxy—l l'-bmaphthalcne«S 3

_ dlcarboxylate (0.8 g, 2.0 mmol) in toluene (15 ml) was added to the

phosphorochlondlte soluuon, and the mixture was stm'ed for 2 hours. The
soluhon was ﬁltered ‘through Cellte® -and the solvent was removed to give 2.0 g
ofproduct :“P NMR (CgDg): & 132 6 other peaks at 146.3, 130.3, 130.7 ppm.

20

and

wi-th a condenser and a

e
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.After cooling, the solution was washed with NaHCO3 and di sti IIed wat er; and
the solution was dried over MgSO4. The product precipitat Pzrog

sol ven%vl?ﬁia bei ng evaporated. The solid was coll ected and di sso i n hot
- hexane 183 utian was filtered through Celite(r) (a PCRUSBO/ESH
manufactured by Johns Manville 20 Cofamhpledred the product was crystalli zed
to give 108 g of an off-white solid Exa le 3 S thesis of Acetal C

Sal i cyl al dehyde (24 g, 0.2 nol), &I&Mﬂ.&&@ﬂﬁl (20.9 g, 0.2 mol), oxalic
25 acid (1 g, 11 nmol), and toluege (150 nL) were conbined and heated t.o
reflux for 2 days in an apparatus\equi pped wifh a condenser and a
Dean-Stark trap. After cooling, e 30! | as vvashed w th NaHCO3 and
distilled water. The solution » p }

evaporated to give 39 g of g
hexane. 30 Exanple 4 Synt
nol ) ‘and tri net hyl ort hof org
MeOH (40 nmL), and H2SO4 (0
01/ 21567 PCT/ US00/ 25547 rea
room tenperature. The reacti‘e
foll owed by Na2CO3 until the m
was vacuumdistilled (86.5 - 88%
collected. 5 Example 5

Acetal A (1.33 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
5  toluen€ (40 mL) and the solution was cooled to -40 °C. Et:N (1.0 g, 10.0 mmol)
) - in toluene (15 mL) was added dropwise with stirring. The reaction was allowed
-to slowly warm to room temperature then stirred overnight. A mixture of EtsN
(0.4 g, 4.0 mmol) and 3,3’-dimethdxy-S,S’-dimethyl-2,2’-biphenol (0.55g,2.0
mmol) in toluene (15 mL) was added to the phosphorochloridite solution, and the
10 mixture was stirred for 2 hours. The solution was filtered throﬁgh Celite®, and
the solvent was evaporated to give 1.8 g of product. 3'P NMR (C¢Dg): 5 134.9,
minor peaks at 145.4, 132.3 ppm.

rystallized from

ehyde (12.2 g, 0.1

d] di ssotved in dry

March 2004 WO

3y . under nitrogen at
=g solid NaHCCO3 -

\ or higher. The product.

.98 g of material was

| Example 11 -
15 Synthesis of Ligand C

5%’7"” “\\”53
Nelelsla

Acetal A (1.33 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in
toluene (40 mL) and the solution was cooled to -40 °C. Et;N (1.0 g, 10.0 mmol) |
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed ,

21



Synt hesi s of Am no-Acetal E Salicyl al dehyde (6.11 g, 0.05 nol), )
2-anilinoethanol (8.23 g, 0.06 nol), and oxalic acid (0.45 4g\ cﬁ%b)t wor e
di ssolved in toluene. (50 nL) and heated to 10 r-efl ux overni i n an

appar ¥Q&UHE6T pped with a condenser and a Dean- Stark tr%(b’fmﬁﬂﬂ%éﬁ“"cool ing,

t he solutlo gg&pﬁ W Jo I d the ’
t ol uene sol utlon ﬂlc\gbdé overh i%/g After (ﬁ #l'jz‘it?gn hexane@Qwas added

until the pr(ﬁeﬁg;t4 mmwl)mﬂdlpmwz,ﬂamhyd:ﬁxﬁg lg-bufaphﬂnlalcde-\&el’é collected. 15 -

Exampl e 6 esi, s ce a harged with. 14.929 ¢
of 5-chloro QWA 2‘19@5 iafﬁmﬂ@ CSH@ESI "?5?‘3 g of oxalic acid
and 150 L gho di@élﬂon&it&oidtﬁ)%kandlﬁénﬁﬁmﬂeﬁhﬁﬁﬁe@ far:Daa&sStmeke trap and
the m xture ref]uxed overnight:. The 20 m xture was washed w th agueous

sodi um bﬁcar%mﬁmrﬂtmﬁm'@&rﬁeém@wﬂ tbwlvm PearsIeYediaghet- 4@ sul f at e.

The sol vent 31 qw I d was obt ai ned
whi ch was rec?yg{ al | i ge r@%ﬁ exéne Ilﬁe so']Al‘1§eﬁ vlvg\gl4 shed with :
acetonitrile to give 7.118 g of white solid. '"H NWR (500 MHz, C6De, 8).

(s, 1H), 7.17 (d, 2.6Hz, 1H), 7.08 (Edd )] 2.6, 8.7 Hz, 1H), 6.73 (d, 25
J=8.7Hz, 1H), 6.02 (s, 1H), 1.26{sExemplel2 13 (s, 611). Exanple 7 ~ .

Synthesis of Acetal G A flask magl-%mlﬁémw of |
5-chl orosal i cyl al dehyde, 13 g of "I, 3 propanedi ol and 2 g of oxalic acid

and 200 nL of toluene. The flasR was connecteg/to a Dean-Stark trap and
the m xture refluxed for 12 hour e was washed wth water and
aqueous sodi um bi carbonate. The was dried over nagnesium
sul fate and the sol vent. renoved Mar ch- 2004 )

oo
A

10
Acetal C (1.67 g, 8.0 mmol) and PCl; (0.55 g, 4 mmol) were dissolved in

toluene (40 mL) and the solution was cooled to -40 °C. Et;N (1.0 g, 10.0 romol)
in toluene (15 mL) was added dropwise with stirring. The reaction was allowed
to slowly wamm to room temperature then stirred overnight. A mixture of Et;N
, 15 (0.4 g, 4.0 mmol) and 3,3’,5,5 -tetramethyl-2,2’-biphenol (0.48 g, 2.0 mmol) in )
toluene (15 mL) was added to the phosphorochloridite solution, and the mixture
was stirred for 2 hours. The solution was filtered through Celite®, and the solvent
was evaporated to give 1.3 g of white sticky solid. *'P NMR (C¢D¢): 5135.2,
other peaks at 142.7, 134.5 ppm.
20 '

22



W) 01n1567 - PCT/ US00/ 25547 evaporation. A light brown oil was obtained
(22.3g) which solidified upon standing. 'H NWMR (500 MHz, .7 (s,
1H), 6.96 (d, 2.6Hz, 1 H), 6.72 (dd, J = 2.6, 8.7 Hz, %[@3'25)2?81

- J=8. THWQ M/21547 87(s,. 1H), 3.37 (m 2H), 2.99 (m 2H), 1P(317m3nw25547|—l) 0.35
, (m 1H) . 5 Exanple 8 Synthesis - -\l 5 H Sal i cyl al dehyde (24 g, 0.2
nol ), 2-methyl-1, 3-propanedi ol (18. : ol ), oxalic acid (2.0 g), and
tol uene (250 nLt) were conbined a @meﬁteﬂLi@ d& |l ux for 2 days in an

appar atus equi pped with a condenser_and a Dean-Stark trap. After cooling,
the sol ution was washed wi th NaHC L) and distilled water (30
m.). The solution was dried over N e solvent was . evaporated to
give 39 g of a white solid, which 2 ized from hexane. Exanple 9-
Synt hesis of Ligand A 10 Acetal » ol ) and PC13 (0.55 g, 4
mmol ) were dissolved in tol e ution was cooled to -40
C Et3N (1.0 g, 10.0 nmol) ‘ dded dropw se with
stirring.-The.reaction was . v, 0 room tenperature then
stirred overnight. A m xture o Et3 : . I) and di net hyl

2, 2' - di hydr oxy- 1, 1' - bi naphtal &% M50xMate (0.8 g, 2.0 ml)
in toluene (15 rrL) was added tq pridite solution, and the
m xture was stirred for 2 hour§ )
Celite(r), and the sol vent was

Acetal D (336 mg, 2.0 mmol) and Et;N (1.0 g, 10.0 mmol) were dissolved
N 5  intoluene (5 mlL) and the solution was added dropwise to a stirred, -20 °C
) * solution of PCl; (137 mg, 1.0 mmol) in tohiene (2 mL). The reaction was stirred
for 20 min, and then a mixture of 2,2’-binaphthol (143 mg, 0.5 mmol) and Ez;N
(0.4 g, 4.0 mmol) in toluene (3 mL) was added to the phosphorochloridite
~ solution, and the mixture was stirred 1 hour. The solution was filtered and the
10 solvent was evaporated to give 0.57 g of product. *'P NMR (CgDg): & 131.7,

minor peaks at 146, 130.1 ppm.
Example 14
Synthesis of Ligand F
; 5 0 O z
of Qo

Aro—-PP—-

15
‘ With stirring under a dry, nitrogen atmosphere, a dry ether solution (50
- mil) of Acetal Cwas added dropwise over a 20 minute period to N,N-
diethylphosphoramidous dichloride (3.36 gm, 19.3 mmol) and dry triethylamine
(4.88 gm, 48.3 mmol) dissolved in 150 mL of dry ether. After stirring overnight,
20  the triethylammonium chloride solids were vacuum filtered and washed with dry -
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of product. 31P NWR (C6D6): 8 132.6, other peaks at 146.3, 130.3, 130.7
ppm 20 19 March 2004 WO 01/21567 Exanple 10 Synthesis of {g mars 2Bo4

PCTI USQ( c) 125547 Acetal A (1.33 g, 8.0 mmol ) -and PC13 (0.55 g, 4 mvol) were
di ssoWMM/21%7 5 tol uene (40 nlL) and the sol ution was cREEHSHESSY0 C. Et 3N

(106, 100 Ml i 00 OreBEmbEa Uhler B JBRANIA% Weldug i 171 ng. The

reacti on was al¥ owed warmto roomtenperature then stirred
over ni ght . desired phosphofanfididd [2-([5),540313)1!-113 mﬁj%]QB&O]zPN(C:zHS)z, asa

3,3 -di met hoxy-5,5' -di_nmethy, bi phenpal 55 g, 2.0 nmmol) in toluene
(15 nl) waswh%lé‘ﬂ“j(@ 3t3rﬁﬂ)pt?dgﬂmpo(§$@3ﬂdl4ﬂ&%utlon and the 10 mixture

the ol vent vas ToRiBhoriifaiiio dd g, €6 slmob S tistitpnalybRme o) and
L et s ety o ot
t ol uene (40étﬁﬁéghﬁh@@mﬁg‘1ﬂgﬁg %%?%@%ﬂegé@éﬁ% 'g, 10.0
mmol) in t&iruﬂrl}ﬁm(; rAthaditdR8lutidae The il walsiréthided to TR reaction

was al |l oned 21 rch 2004 WO 01! 21567 PCTI.USOQ 25547 to sl owy warmto
r oom t enper freezeefariganther 1.5 heursoviiernolids warewaepumdilieredanghwashgd it 4. 0 -

‘ol and daRNeY'odnd ) Thl¥ohBinea e HBRBI WA &Aforited 6 yield the
10  phosphorochloridite of acetal C,'[2-['5,5-(CH3)2-1,3-C3H502]C5H40]2PC1. 31p
 NMR(CDCl3): 163.9 ppm.
h D1(2 6-dimethylphenyl) 2,2"-dihydroxy-1,1*-binaphthalene-3,3'-
" dicarboxylate (0.792 gm, 1.36 mmol) was added to the phosphorochloridite of £
* acetal C (1.634 gm, 3.40 mmo!) dissolved in dry ether (50 mL). After cooling to -
15 35°C'in a drybox freezer, the light yéﬂow mixture was stirred as dry triethylamine
7(0.344 gm, 3.39 mmol) was added dropwise over a 5 mimite period. After stlrnng
. at ambient temperature for another 2.5 hours, the mixture was filtered through -
dry, neutral alumina and the alumina was rinsed with dry tetrahydrofuran (50
mL). The combined fiitrates were evaporated to yield the desired diphosphite
20 ligand as a light yellow solid (0.376 gm). 31P NMR (CDCl3): 129.7 ppm.

Example 15
Svnthesis of Ligand G
SED
@ @

-‘c;%"’

25 With stirring under dry nitrogen, 2,2'-dihydroxy-1,1'-binaphthalene-3,3"-
dicarboxylic acid (1.87 gm, 5.0 mmol) was dissolved in dry tetrahydrofuran (50
_ _ o
'mL) then cooled to -78°C with a dry ice/acetone bath. Methyllithium (25 mL of

24



.di carboxylate (1.05 g, 2.0 nmol) in toluene (15 nL) was added to the
phosphorochl oridite solution, and the m xture was stirred f@ MmardAQipg.- The
5 solution was filtered through Celite), and the solvent was renoved to
give 2.WOP2KSThr oduct . 31P NVR (C6D6): S 130.2, minor pPATUSN2IAG. 8,

131.4 ppm. Exa4M @ 12. SymirhesivwasafidéddidpWisé thedGRE sdlufod ¢ §4ll@ved®o0 ol )
and PC13 (0.55 g, 4 mmol) were dissalved .in toluene (40 ,nL) and the
sol uti on was W5 opmbjentjpmperareNAfier stirging owerpightnthy solption wasadded (15 ni)

was added dr Qi i 1 KA ' to,Sl oWy warm
to room tenperat%ﬁ’g_%%rll&slt%l?leg g@nﬁﬁdﬁﬂ%ﬂ@%@g@%&%ﬁS (0.4 g,
4.0 mol ) andwashed withsvaterthen gvagopate® | The driapgeenesidué tvasd disgolv@i ih nmoi ) i n

tol uene (15 ni, s added t.0.th hosphoy.ochiori di.te sol uti.on, and the
mxture | des QORI aot dulie SRR AT o8 Rhuge B P et R B g1
Celite(), ancevaperasdlyeleld 2)084di L1 Yindphtiailene-313'bigmethykudiR) &4 4 cky

solid. 31P NNRléCGDg): 6.135.2,  other peaks at 142.7, 134.5-ppm 20 22 19
March 2004  \¥SloW/sphd£1.5p@muso0/ 25547 Exanpl e 13 Synthesis of Ligand E

e 0SBy Syl Filbied 5 BSOS, §
-sol ution of PErel(WBRdded tathe phnsphprmlmldﬁtnoﬁalc(:@ G1(D.65T g, i&Sahmol) was
ol ) and 0 Aol 83 ebt ol “hiEplimdto 33 5 S dpdox A Y e
phosphor ochl dightlélow mixture was stirred as dry triethylamine (0.155 gm, 1.53 mmol) was
‘ - added dropwise over a 5 minute period. . After stiring at ambient temperature for
) another 48 hours, the mixture was filiered through dry, neutral alumina and the
alumina was rinsed with dry ether (50 mL). The combined filtrates were
15 evaporated to yield the desired diphosphite ligand as a light yellbw solid (0.466
gm). 31P NMR (CDCl3): 134.1 ppm.

_ Example 16
* . Synthesis of Lipand H

e

20
With stirring under dry nitrogen, 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
dicarboxylic acid (8.42 gm, 22.5 mmol) was dissolved in dry tetrahydrofuran (500
mL) then cooled to -78°C mth a dry ice/acetone bath. Phenyllithium (100 mL of
1.8Min 70/3\0 cyclohexane/ether, 0.18 fnol) was added dropwise then the

25  solution was allowed to warm to ambient temperature. After stirring overnight,
deionized water (50 mL) was slowly added to the reaction solution at 0°C. With
vigorous stirring, 1 M hydrbchloric acid was added dropwise until the water phase’
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solution, and the m xture was stirred 1 hour. The solution was filtered and
the 10 sol vent was evaporated to give 0.57 g of product. 3Lp hiR,0g8M6): S

131. 7 m nor peaks at 146, 130.1 ppm Exanple 14 Synthesis of Ligand F 15
Wt h WOHRI%E under _a dry, nitrogen atrmosphere, a dry ®OCF&ISURSSHion (50

n) of Acebala fe Meshghdsled. dropuise . epianit pHasdivasvasiParititwhate- M A
di et hyl phosphor am dous di chlori'de (3.36 gm_ 19.3 nmol) and_dry :
tri et hyl ansenraratory, fagne)thensdriesl onepmpgngsim pulfate prd awporatedof The qrangeer . Aft er

T erod ol rediodi i'diGhdmRiine Ao Shed ol o 38 SRLIRET 05 pemas
o et e S 11
“white s%f)i g’sﬁ'g‘?%@‘we‘dﬁwl )(.%0'%’ )9 ppm The phosphor ani di t e |

(9.33 gm 18.0 Dihk el & | *Bis{}ten adomMi} dnlengs ool ed to
-35Cin a drybo>r<fmfllr eegr%?ﬂll?grg?gﬁm?ﬁ?%??dgfsl n d)rdﬁe‘be%er %hrrL 1.0M

was added a@wBphlivas added toshephospheroehlpriditeref Acetali(z(l:Bi%iem, 362 mmal) .
hosph il i o, LOG: Xt Aol 3 th
reover fodieshieedfh dy dfl (S0 flet bl A€ WRIBOBPEE 00 | 1

with dry ekrdige stRfioniwas siifted aoddyitrietiylatmier (0{365tgna 3062 mmial) wasaddedt ed t o
yield e 10 phosphorogchloridite of_ acetal ) ‘
C ' [2- ﬁ@ 54 Qﬁ@f%&?@é&%p@%e&%@%ﬁ%ﬁt teERETAe 963, 9 ppm
Di (2, 6- di MahbmbPDS ok, the el HRtERE Wad filterel tHI3GEN B3/, 88t aftimiina
- . and the alumina was rinsed with dry ether (50 mL). The combined filtrates were
evaporated to yield the desired diphosphite ligand as a light yellow solid (1.68 )

gm). 31P NMR (CDCls): 134.0 ppm.

15 0 e PR . 'Example 17
Synthesis of Ligand I -

Ci

l. { ..
~ Into a round bottom flask was added 0.412 g of phosphorus trichloride and
about 50 mL of toluene, The mixture was cooled o —30 °C and 1.288 g of Acetal
20 G wasadded. A precooled solution (-30 °C) of triethylamine (0.800 g) in 20 mL
of toluene was -added drppwise_. A 5“7? NMR of the mlxture in'dica_ted a fnajor
resonance at 164.1 Vppm‘ with ininor\_ resonances at 1933 and 132.5 ppm. To this
mixture was added 0.405 | gof 2,2';éthylidenebis(4,6-dimethyljahenol), prepared
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. di carboxylate (0.792 gm 1.36 nmol) was added to the phosphorochloridite of
acetal C (1.634 gm 3.40 mmol) dissolved in dry ether (50 nig)pmarthio8ba
coolin 15 35C in a drybox freezer, the |ight yellow m xture was

. st rregv%gl’%hsﬁ/" triethylamne (0.344 gin, 3.39 mml) waPCIHEEH2858pwi se

over a 5 m niakboraRy-ite Vanfidh ef alSHB:LT NG « Sﬁr a@'l@BQ 4228063,3h Yoentf 8f anot her
2.5 hours, the mixture was filtered throu dry neutral al um na and the

al uni na was ftelneegiang then9.60Q gof mj«lml@mpaﬂhe goxtups was aymabtd

|1 ght “yel | ow eariar iR i C oty AT Ry tiel GuP o reflovedff™, £° °

Synt hesi s "of rbmagacuhpﬁ‘raﬁbnwyxlaldsthe 118 gof arwhiive salidy*' R{H} (WIMHL CesDe):

ol ) s i SRR 5%?3&&5?,&8? issSpanget 25, Vich Jab 1de 3. 15

With a dry i @emcareieM 10 prdsiiirt icHéthicdFiofizatitn Mass\Wpedtidsédpp! 19
March 2004 / US00/ 255 gé sl!;&M |¥)nh}l m - was added élropvm\és% thenﬁ?he

sol ution - SFMM3tbCﬂMﬁWﬂf@.03M@MR elti3d%. After stirring.
overnight, the solution was added slowy to ice cold, 1 M hydrochloric
acid (30 nL). The organic phase was ,washed with water then evaporated. The
orange residue was dissolved in 5 dlﬁhhmpbr‘lﬂt hane and el uted through a

S|I|cagh pl ug. The orangeflltrgte was ..evaporated-to yield '
2,2 -di h;i roxy-1, 1' - bi napht hal enedml}(%rket one) as a yellow solid
(1.52 gm. 2,2 Dhydroxy 1,1 - bi nApH , 3' - bi s(net hyl ket one) (0.200
gm 0.54 mml) was addedtothe ¥ jte of Acetal C (0.651 gm

1.35 mml ) 10 dissolved i y € cooling to -35Cin a
“’;qiyybox freezer, the T

Acetal A(133g,8 mmol)‘anéi‘PCl;; (0.55 g, 4 mmol) were dissolved in
- toluene (40 mL) and cooled to -40 °C. A solution of E&:N (1.0 g, 10 mmol) in
toluene (15 mL) was added dropwise to the cold solution. The reaction was

15 allowed to warm to room temperami-t_: then stirred overnight. A solution of (N-
Y methyl, N-phenyl)-2,2'-dihydroxy-1,1'-binaphthalen¢-3,3'-dicarboxamide (1.1 g, 2
- -mmol) and Et;N (0.4 g, 4 mmol) in toluene (15 mL) was added and the mixture

 was stirred for 2 hours. The mixture vias filtered through Celite®, and the solvent
) _was removed to give 2.3 g of a yellow sticky product. P NMR: & 131.6,

20  smaller peak at 127.6, broad peaks at 133.1, 144.lppm.
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light yellow m xture was stirred as dry triethylamne (0.155 gm 1.53 mol)_
was added dropwi se over a 5 mnute period. . After Stll’l’ln@rﬂé rcABRbgnt
tenperature for another 48 hours, the mxture was filtered through dry,
neut r Wo @laiséna and the alunmina was rinsed with dry etperu§dssdy). The
conbined filtrates were 15 evaporat 9. yield the desired di phosphite
ligand as a |ight yellow solid (O. grr) 31P NWR (CDC13): 134.1 ppm
Examlie 16. Synthesis of Ligangyithedis Wihigasd K'ring under. dry nitrogen,
2,2' -di hydroxy- 1,- 1 '-binaphthal ene-3,3' - dicarboxylic acid (8.42 gm 22.5
rrrml) was di ssol ved in dry tetrahyq (500 mL) then cooled to -78C
with a dry ice/acetone bath. Phepyl; W) (300 m of 1.8 Min 70/30

cycl ohexane/ et her, 0.18 nol) @ then the 25 solution was -
allowed to warmto anbi ent tenpeis |

dei oni zed water (50.nL) was sl
Wth wvigorous stirring, 1 M.h
wat er phase "F 25 WO 01/ 21567
. acidic H=2). The organic phas
funnel - then dried over nmagnesi uni- vaporated.. The orange :
resi due was redi ssolved in dichl &hd eI ut ed through a silica gel
plug. The oran 1&; |trate was evaporated to

2, 2" - di hydr oxy- sHrmingerdsne dre I'S“%“S““HPQ‘}S’F\%FMW’@PW’?&% as a yell ow
solid (1. %l)ph@no?(smgﬁgﬁp)f ofy wid 3ged oN,R-- bi s(phenyl ket one)

(0.715 gm dded to.’the phosphorochloridite of Acetal C.
(1.738 gm @e@zlplrmph))ranudous dichloride (2. 702 gm, 15.5 mmol) and dry triethylamine '
(3.77 gm, 37.3 mmol) dissolved in 200 mL of dry ether. After one hour, the )
triethylammonium chloride solids were vacuum filtered and washed with dry
ether (3 x 15 mL). The ‘combincd ether filtrates were evaporated to yield the
10 desired phosphoramldlte [2-(2-C4H7O)C5H.40]2PN(CzH5)2, as a viscous oil. 31P
NMR (CDC13) 1422, 142 0, 141.5, and 141 2 ppm due to a mixture of
stereoisomers. o .
The phosphoramidite (5 0 gm, 11.6 mmol) was dissolved in dry ether (50
ml.) then cooled to—35 °C in a drybox freezer. Hydrogen chloride (24 mL, 1.0 M
15 indry ether) was added dropwise to the cold, stirred ﬁhOSphoramidite solution.

reaction sol ution at OC,

s added dropw se until the
/ US00/ 25547 becane .strongly
ter in a separatory

Five minutes after the addition was complete, the solids were vacuum filtered and
washed with dry ether (3 x 15 mL). The combined ether filtrates were evaporated

/- toyield the phosphorochloridite of 2-(tetrahydro-2-furanyl)phenol, {2-(2- )
C4H70)C6H40]2PC1 31P NMR (CﬁDﬁ) 163.7, 162 9,162.5 ppmdue to a

20 mixture of stéreoisomers.
- Diphenyl 2,2'-dihydroxy-1,1'-binaphthaléne;3,3‘-dicarboxylatc {0.425 gm,
0.807 mmol) was added to the phosphorochloridite of 2-(tetrahydro-2-
furanyl)phenol (0.793 gm, 2.02 mmol) dissolved in dry ether (50 mL). After
cooling to -35°C in a drybox freezer, the light yellow mixture was stirred as dry
25  triethylamine (0.204 gm, 2.02 mmol) was added dropwise over a 10 minute

period. The mixture was filtered through dry, neutral alumina and the alumina
was rinsed with dry ether (3 x 25 mL). The combined ether filtrates were ‘
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.dissolved in dry ether (50 nL). After cooling to -35C in a drybox freezer,
the orange solution was stirred as dry triethylamne (0.3 nmol )
~was added 10 dropwi se over a 5 mnute period. After stirri ﬁ%gﬁcg?ﬁ(}i@gnt
-tenper XQPE2IGr  anat her 2.5 hours, the yellow nixture VRSTABINISHEd t hr ough
dry, neutr alevapsrdieAdo ifddYp ibadiSRd W T hgidy-~ et 6 m.) .
The conbi ned filbl trat egﬁm[gtrhgm%vaporg‘?sggﬁ?géyi el d the §d(gi(rasi rel}ﬁ'g)i pﬁgsphi te
ligand as a NMR(Cols)ssveralpaaks cantggd agh31 psn dpe fvRmixipE1a) :  134. 0 ppm. 15
Exanpl e 17 s%g&hoesi s of Ligand | Into a round bottom flask was added 0.412
g of phosphoru tPPER1 ori de and about 50 nL oftol uene. The mixture was
cooled to -30 C and 1.288 g of Acetal 20 G was added. A precool.ed solution
(-30 C) aof triethylamne (0.800 g) in~20 nL of toluene was added dropw se.
A 31P NVR of the nmixture indicated &xampie20 resonance at 164.1 ppmwith
m nor resonances at 193.3 and 133, amPRiyeri@abdii s M xture was added 0.405 g
~of 2,2'-ethylidenebis(4,6-dinet hV@H@F‘i‘%@%—E{m ; ared 26 1 9 March 2004 WO
01/ 21567 PCT/ US00/ 25547 gccor di ng #£0 % , al.; Bu. ' . '. So,, - _

n., 1989, 62, 3603, in 10 nL of t4 ®n 0.600 g of triethylamne.
The m xture was stirred overni ght-® tered through Celite(r),--
washed with tol uene, and sol vent J tary evaporation to yield

-~ the 1.8 g of a white soli 4 j or resonance at
134.9 ppm minor resonang .2 ppm APC M

- (atnospher ic pressure copy): Found:
1183.1; calculated for Exanpl e 18

Into a round bottom flask was added 0.343 g of phosphorus trichloride and

about 50 mL of toluene. The mixture was cooled to —30 °C and 1.284 g of acetal

10 F was added. A precooled solution (-30 °C) of lriethylamine (0.700 g) in 20 mL
of toluene was added dropwise. A *'P NMR analysis of the mixture indicated a

Yy ) major resdnance at 162.6 ppm with minor resonances at 190.4 and 130.7 ppm. To
this mixture was added 0.358 g of 2,2"-binaphthol in 10 mL of toluene and then
0.600 g of triethylamine. The mixture was stisred overnight and then filtered

15 through Celite®, washed with toluene and solvent removed by rotary evaporation
to give 1.753 g of a white solid. > 'P{H} (202 MHz, CsD¢): major resonance at
130.0 ppm, other resonances at 143.1 and 130.8 ppm. APCIMS: Found: 1366.3;
calculated for CnH76014CLiP2: 1366.346.
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Synt hesis of Ligand J Acetal A (1.33 g, 8 mol) and PO 3 (0.55 g, 4 mmol)
were dissolved in toluene (40 nL) and cooled to -40 C. A sqd Mbichogdls Et 3N
(1.0 g, 10 mol) in toluene (15 n) was added dropwi se to the cold
sol ut WhOL/2M567 r eaction was 15 allowed to warmto room t 8BBS54 t hen

stirred.overnight. ‘A solution of (N-_nethyl,

N. phenyl ) -2, 2' -di hydroxy-1, 1" -bi naphm, 3' -dicarboxamide (1.1 g, 2
mol ) and: Et3N (0.4 g, 4 mol) ‘SulRiHedkYfPfahd}Ni L) was added and the

m xture was stirred for- 2 hours.—lﬁl]'ﬁrm‘m‘%"e—MS filtered through A
Celite(r), and the solvent was refbs e 2.3 g of a yellow sticky
product. 31P NVR 8 131.6, 20 s )27. 6, broad peaks at 133.1,
144. 1ppm 27 19 March 2004 ) 4 Synt.hesis of Ligand KO ."
O PCT/ US00/ 25547 Wth stirg [
2- (tetrahydro-2- 5 furanyl
to. N, N-di et hyl phosphor aut i O
triethylamne (3.77 gm 3@~
one hour, the triethylamowu
washed with dry ether (3 x 15

evaporated to yield the 10 dest ,
[ 2- (2- CAH70) C6H40] 2PN( C2H5) 2, 51p  NMR (CDC13): 142. 2,
I xture of . stereoisoners. The

142. 0, 141. 5, andé%4l %(Q%%] dLéE‘tO a ! J
phosphorani dite (& 55 Smed) apd £Ch O3 gdmmelgrere disselved ip
5  toluene (40 mL) and cooled to - 40 °C. A solution of EtsN (1.0 g, 10 mmol) in
toluene (15 ml.) was added dropwise to the cold solution. The reaction was
allowed to warm to room temperature then stirred overnight. A solution of 2,2’-
biphenol (0.37 g, 2 mmol) and E&;N (0.4 g, 4 mmol) in toluene (15 mL) was
added and the mzxture was stirred for 2 hours. The mixture was filtered tlifough ‘
10 Celite®, and the solvent was removed to give 1.79 g of a pale, oily residue. > ip

NMR: & 131.3, smaller peaks at 132.5, 144.2 ppm,

was added dropw se
5.5 mmwl) and dry

oL of dry ether. After
efvacuum filtered and

. Example 22
Synthesis of Ligand N

N—Ph
|-

l l
15 Ph Ph

Amino-Acetal E (482 mg, 2.0 mmot) and Et;N (0.67 g) were dissolved in
toiuene (10 mL). This solution was added to a -20 °C solution of PCl; (137 mg, 1 5‘
‘mmol) in toluene (3 mL) over a 5 minute period. After the addition, the mixture
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- m) then cooled to--35 Cin a drybox freezer. Hydrogen chloride (24 nm, 1.0

M 15 in dry ether) was added dropwi se to the cold, sti rreqmgﬁﬁ%bgm dite
solution. Five mnutes after the addition was corrpl ete, the solids were ..
. vacuun™ae1{24563d and _ washed with dry ether (3 x 15 nlL). FBUSW6SS4Ted et her

filtrates weyg sﬁmafaweb féms'ﬁﬂuﬂest he b@bpm*-sﬁmﬁhm%
2- (tetrahydro 2-furan ﬁhenol (2 C4Hr0) C6H40] 2PCL. " 31P MR (CBD6) :
163.7, 162. mplbatpsi;m U(:] 3t3cg)ant@oenﬁ(§tmﬁo)ew& inbeasportier andthgheny|

‘ r2mt2)l )di/vg}s/dggﬁ%gﬁ?%afale p%ic])spﬁirr o%%ﬁﬁ%%@%%g%we& oo

f uranyl ) pheneds evhgord@a 1@ giveD.H2g ofprodudi. SYONMER: 51132)1y130.8\amaligiard ) .- Af t er
cooling to -35C in a drybox freezer, the light yellow mixture was stirred.
as dry 2 tr"ﬁ‘éf?&ilﬁﬁ%@‘?o 204 gm 2, 02 nmmol ) was added dropwi se over a 10
mnute period. The mixture was fil tgy ﬁ%ﬁ@gough dry, neutral alum na and
the alumna was rinsed with dry et 25 mL). The conbt ned et her
.filtrates were 28 19 March 2004 MMUSOO/ 25547 evaporated to
yleldthe desired di phosphite |igan ' -1l gm. 31p NI\/R
(C6D6) : "several peaks.centered at/. 0 a mxture of :
stereoi soners. 5 Exanple a round bottom
flask was added 0.343 g about 50 nL of

tol uene. The m xture was pos acetal 10 F was
added. A precool ed sol utjon . 700 g) in 20 n

t ol uene was added dropw ! '

maj or resonance at 16§

T

Acetal C (25.0 g, 120 mmol) and PCl; (8.23 g, 60 mmol) were dissolved in
10 toluene (100 mL) and cooled to - 20 °C. Approximately two-thirds of a Et;N
(21.0 g, 200 mmol) solution in toluene {100 mL) was added dropwise to the acetal
solution over a 30 minute period. The mixture was stirred for another 15 min at -
20 °C. Over the next hour, small portions of solid di(2-tolyl)-2,2"-dihydroxy-1,1'-
binaphthalene-3,3'-dicarboxylate (16.5 g, 29.8 mmol), were added to the cold,
15 chloridite solution (-10 to -15 °C) while alternating with equivalent portions of

-

T the remaining Et;N solution. The mixture was stirred for an hour, and the mixture
was filtered. The solvent volume was reduced to between 100-200 mL toluene,
and the solution was allowed to stand for 2 days. A fine white precipitate was
collected (20.6 g). >'P NMR: § 129.5 very small peaks at 133.1, 146.7 ppm.

20
v Example 24
Preparation of carbon-supported catalyst using ligand O
Crystalline Rh(CO),(acac) (1 equiv), was dissolved into 2-4 ml. toluene.
The light-yellow solution was added to solid ligand O (100mg), resulting in some
25  bubbling and a change in solution color.
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this m xture was-added 0.358 g of 2,2'-binaphthol in 10 nL of toluene and
then 0.600 g of triethylam ne. The m xture was stirred ovefgwght spad then -
filtered 15 through Celite(r), washed with toluene and sol vent renoved by
rotar W@OHS6Htion _to give 1.753 g of a white solid. 3ACY/HS0WZE64 VHz,

C6D6 ' ! he 43. 1 d 130 8 ’
ppm " APC NS: | Fod it e %ﬁaégaﬁ%g} "ASF"?’@SH%%%%@&?%‘%BMG 29 19
Mar ch 2004 \ahd @dkcihkA by MM%E&&:@QMM?M@ Sdrs L Tigand M
Acetal A (1.33 ~and POBug 55§ﬁ were dissolved in 5
t ol uene (404%9 %%W“é%l“@&swt%@ 2428 %W%WWNFW@‘“&‘%O mol )
|0 ol ene (i d¥bhuehe Solie A i) el 6. I8k wad Bimiact | on

was allowed to warmto room rature t A sol ution

of 2,2' - Sbi fheHomix theuvg;orac&nndmmessdnﬁaam Residuyal salidsqﬂbpoa'iwdiom uene ( 15

m.) was ture was . stjrred f.or The m x

[ tered i ancaef 12 piRsdl Bom it S 88 so Plnm ool el e &G 370
of a pale, Qiebyswedimliv@to&id%arWThSdgﬁsbh&w@ ﬁ&ﬁ@t&ir&&&& 144. 2
ppm . Exanple 22 Synthesis of Ligand N_15 Am no-Acet al 482 , 2.0

.ol ) and  ErSYiga) teueng andahen %ﬂ%%ﬂoqeﬁmm%ﬁwferm@ i I‘ﬁ%mgol uti.on

was added to a -20 C.solution of PCG3 (137 ng, | nmol) in toluene (3 nL) -
over a 5 mnute peri od. After the addition, the mxture :
10~ ' Examp_lc25

Synthesis of Ligand P

$15

This diphosphite was prepared according to the general procedure
15 - described for ligand K except substituting the corresponding.dimcthyl ester for
- diphenyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-dicarboxylate. The product was
-~ anoil. 31p NMR (CgDg): 131.0, 130.9, 130.8, 130.6, 130.4, 130.3 ppm due to a

‘mixture of stereoisomers along with cyclic monophosphite impurity at 146.8 and 7
- 146.4 ppm. - . ‘ o - o)
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.30 1 9 March 2004 W 01/21567 PCT/ USOQ 25547 Wis stirred at - 20 C for 15
m nutes. A suspension of 2,2'-binaphthol (14" .... 0.5 mMojgmanre Jgo3N
(0. 33 i n tol uene (5 m.) was~added in one portion and the m xture was
.all onedVPOVAIS6Y for 2 days. The mixture was filtered, anBCTA80GE4%ent was
evaporated to give 0.47 g of productExamgh MR b 132.1, 130.8, small peaks
at 147.2, 144.9 ppm Exarrpl e 23 Synt hesi s of Ligand 0 Acetal C (25.0 g,
120 rrm)l) and PC13 (8. and Qo SyF Sests orolvieEaunported Lagando t ol uene (100 nl)
and cooled to - 20 ' C pARRER% Negaial : \ (21.0 g, 200 .
mol ) solution in tolu T ; [0]=]0 he acet al
solution over a 30 mnute period. The m xture was stirred for another 15
mn at - 20 C. Over the next _hour, small portlons of solid
di (2-tolyl)-2,2 ) bi napht hal e Ji caCOBHLpdke (16.5 g,
29.8 mmol ), wer ¢ the cold 15 chl or ion (-10 to -15 C
whi | e-al ternati ig g val ent portions q ai ni ng- Et 3N sol uti on.
The mi xture was sTTrr e forOkh hour, and the ™ sOHf i | tered. The
sol vent vol unme wag bet'vveen—rmoo m to uene and the solution
-A K2GO3nhi t g b #@was col | ected .
b very snel T peaks .
'_}ed catal yst & z g2Qd O Crystalline

(20.6 g): 31P NIR
24 Preparation Of

Rh(CO)Z(a%:ac) (1 eqw v) was cﬁ Ssol ved into 2-9 2H The

| i ght-yel owsolutlon was added to solid ligand O (100 resul ting |n
sone A muxture of 50 g (60 mmol) of Merrifield resin (polCH 1 where pol =1-

2 % crosslinked polystyrene, 200-400 mesh beads) 2,2-dihydroxy-1,1'"-

) - binaphthalene-3,3"-dicarboxylic acid (33.7 g), potassium carbonate (12.4 g) and

DMF (dimethylformamide) (350 ml) was heated at 90 °C with stirring for 8 hrs.
10 The color of the resin changed from white to green-yellow. The mixture was
diluted with water, filtered, washed with H,0, - DMF, and acetone, and then

thoroughly dned in the air to give the desired product. IR (KBr, cm m™): 1712 (vs),
1676 (vs).

Functionalization of the Carboxvylate Grou

1,1-carbonyldiimidazole
DMF

15 !
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25 bubbling and a change in solution color. 31 19 March 2004 WO 01/ 21567
PCT/ US00/ 25547 5g of granular (40-60 nesh) activated carbomg faMchGiggatific) -
was dried and calcined by heating in flow ng helium (100 nL/mn) at 850 C
for 5WR8I2I6k dried carbon was transferred to a nitroBEB US4 gl ove box

where it was slurrjed into a toluene sol ytiqn contai and |igand’
0. The slurr ’}s th%P?lgFle&@-&nOEﬂHﬂé‘ﬁ &aﬁcgﬂ’tﬁbo‘?‘;rfgss in
vacuum Resi @iilrob9 DM, and R ibbhu widicelidesy o{28'moYesTIel- ver e Tinsed

with extra tol uene such that all were event uaIIy dep05|ted only aonto the

carbon. The caripnyldiimidagele. Theraixture ayasishaken overeight, and theqolmagr begdsiene and

t hen capped I t Exanpl e
25 Synthesi's ofﬁ% ganad'%léf:hl S (?%X‘ﬁsoggﬁl‘%)e S\fgg%gﬂé&%dr%’ed&gc\g%?al % to the .
gener al prodaMF@ :&E)mhﬁhy‘,rtolha@b (130{ 100 gﬁJ),daxiﬁ EHeElp (3 =108 mili Lheforg t he
correspondi ng di neth ester _for, diph

2, 2"~ di hydr ¢¥ying upder ‘I'aﬁ'éﬂﬁt I(gﬁe’-gbg)ﬁﬁ%* P e. The product was -an
oil. 31P NWVR (-C6D6): 131.0, I1B{Qerdhcatiaf -of thalSfde@Chain30. 4, 130.3 ppmdue to a
m xture of stereoisoners along Wth cyclrc nonophosphite inpurity at 146. 8
and 146.4 ppm 32 19 March 7004 - 1567 5 PCT/ US00/ 25547 Exanple 26.

| o-cresol, DBU
- DMF
25.93 g (18.7 mmol) of the polymer supported imidazolyl ester was suspended in
10 150 mL of anhydrous DMF. 10.10 g (93.5 mmol) of ortho-cresol and 2.845 g
*(18.7 mmol) of DBU (1,8-Diazabicyclo[5.4.0Jundec-7-ene) were added. The -

mixture was shaken for two days at room temperature. The product was coliected
by filtration and washed with DMF, toluene, and CH;Cl, (3 x 100 mL) before
final vacuum drymg IR (cm'l, KBr): 1759 (w), 1720 (w), 1675 (vs).
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.Ligand 0 - Synthesis of Polynmer Supported Ligand Preparation of a
Supported Di substituted, Bi naphthol A mxture of 50 g (60 md paarh 2004
Merrifield resin (polCHZCI where poi = 1- 2 %crosslinked pol ystyrene,

. 200400WEER1ETads) , 2, 2' - di hydroxy-1,1' - bi napht hal ene- FXUNREHGoxy| i ¢
acid. (33.7.g), potassium carbo 4 if)nded DMF (di met hyl f or mam de)
(350 n) was heated at 90 C wt%n_?'@ his. 10 The col or of the
resin changed fromwhite to ngjll el | g The m xture was diluted with

water, filtered, washed with ) acetone, and then thoroughly
dried in the air to give the dt ed cm):

1676 (vs). Functionalization of A ' '
8 01/ 21567
: @

1712 (vs),

11- car bonyl di i m dazol ~
PCT/ US00/ 25547 25 g ; jol was suspended
in 150 nL of anhydr¥ } 4.54 g (28 mol)
of 1,1- carbonyldiinlids . _ as shaken overnight, and the

pol ymer beads turned deep red-orang¢. The beads were collected by .
filtration and washed with 5 DMF (3 % bBa®.,n), toluene (3 x 100 nl), and
CH2C12 (3 x 100 nl) before drying u_d@ﬂ%&@cuun1 IR (cm?7l, KBr): 1771 -
(vs), 1720 (vs). _ Esterification of the Side Chain

)
Z=0
O
$4°
24.8 g (17.4 mmol) of the supported diol was suspended in 150 mL of toluene,
and to this suspension was added 25.0 g (52.1 mmol) of the phosphorochiondite
) 5  derived from acetal C and 13.4 g of diisopfb;iylethylaminc. The mixture was

. shaken ovemight at room temperature. The péle yellbw beads were collected by
filtration, washed with toluene, CH;Cl, (3 x 100 mL), and then dried under

vacuum. Elemental analysis: 1.15 wt % P (average).
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25.93 g (18.7 mmol) of the polymer supported im dazolyl ester was suspended
in 10 150 nL of anhydrous DMF. 10.10 g (93.5 mmol) of orthergseadoggnd
2.845 (18.7 mmol ) of DBU (1, 8-Di azabicycl o[ 5. 4. 0] undec-7-ene) were added.
The U560 as shaken for two days at roomterrper at ur @CTH8054Huct was

collected by filtration and washed i th , toluene, and CH2C12 (3 x 100
m.) before final vacuumdrying. IR £¥,  KBr): 1759 (w), 1720 (w),

1675 (vs). 34 19 March 2004 WO o:gﬁ@gggogsu%ggg s of Ligand O OH HO 1 base,
C1Pz2 PCTI USOQ 25547 24.8 g (17 € supported di ol was suspended

in 150 nL of toluene, and to thi
of the phosphorochloridite der]
di i sopropyl et hyl am ne. . The g
tenperature. The pale yel | ol
wi th toluene, CH2C12 (3 x 100
analysis: 1.15 wt % P (average).

suspensi on was ‘added 25.0 g (52.1 mmol)
jed fron1aceta| C and 13.4 g of ,
shaken overni ght at room

gre collected by filtration, washed
P02 el geinder vacuum El enment al
435 19 ' 40 01121567 Exanpl e~27

Synt hesi s of Ligand R PCT/ USO - hydr oxybenzyl
al cohol was prepared acgorgingjto
The ethyl ether of 2-hydroxybenzyl alcohol was prepared according to a . '}

5 literature pfoce;dure reportedm Recueil. Trav. Chim. Pays-Bas 1955, 74, 1448.
‘The phosphoroéhloriditc of this phenol was prepared from PCl; in toluene with
triethylamine as base at -30°C. *'P nmr of the reaction mixture: 163.3 ppm. To.
this mixture was added diphenyl 2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
dicarboxylate and triethylamine. The mixture was filtered through Celite® and

10 the solvent removed by rotary evaporation. The residue was dissolved in toluene
and passed through basic alumina with toluene. Solvent was removed and the
residue vacuum dried. *'P {H} NMR (202.4 MHz, CDCl;): major pea.k at 130.8
ppm other resonances at 146.9 and 132.4 ppm

;15 | | © Example 28
o o ) Synthesis of Ligand S ) )
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.S literature procedure reported in Recueil. Tray. Chim Pays Bas 1955, 74,
1448. The phosphorochloridite of this phenol was prepared fga@RFb8o4n
toluene with triethylam ne as base -at -30C. 31P nnr of the reaction

. m xtur WOaBASET ppm To this mxture was added di phenyl PCT/US00/25547

2, 2' -di hydroxy-1, 1' - bi napht hal ene- 3, 3' - di carboxyl ate and triethyl am ne..
The m xture was filtered through Celite(r) and 10 the sol vent renoved by

rotary evaporati Ohe pfo@diRSk4LURe Yidfe 44 if eRAMEN 2f7f(hgzﬁidl€)”'9xce@f|9,3p6§$8d
t hrough basic alum na with tol uene. Sol vent. was renoved and t resi due

vacuum dr i edet-anegthyld, 2’ Npiphgnpd wag ugadinstedof 3hip eﬁﬁljaﬁ-é@a(ﬂr% b 8 ppm

ot her ,reson v 1) s of Ligand
S 36 19 Nhrgﬂ&gﬁgﬁkv%ﬁg%%f%Q%?§%%&/dggg7£§§§$é¢%ph%?%cedu32Hﬂ§§}the sanme as
i n exanpbe 2éaK hi IB3ciipith withxampt reSomiincés 4i'142 0ahd 43@8ppm.2, 2' - bi phenol was
used instead of di phenyl 2,2'-dihydroxyl-I,I"-

bi napht hal ene- 3, 3' - di carboxyl ate. 31P (H NWR (202.4 MHz, CDC13): mmjor
peak at 133.5 ppmwith mnor resonapggsple29142.0 and 130.9 ppm Examl1l a
29 Synthesis of Li.and T 2-Hydroxyphenethyl alcohol was reacted with
bronmpacetonitrile in the prese is carbonate to protect the
phenol i ¢ oxygen, as in Tetrahedron ifetters, 1993, 34, 7567- 7568.

2- Hydr oxyphenet hyl al cohol was Y 0O nl, acetone. To this was
added 1.2 g potassium carbonat e. ring, mxture was added 0.87 ¢
. bronmpacetonitrile under nitfoge re -stirred overnight.
The m xture was filtere o trated. The

SOE - Ny O ,/ \, © o

2-Hydroxyphenethyl alcohol was reacted with bromoacetonitrile in the

presence of potassium carbonate to protect the phenolic oxygen, as in Tetrahedron

Letters, 1993, 34, 7567-7568. 2-Hydroxypheneﬂ1yl alcohol was dissolved in 20

mL acetone. To this was added 1.2 g potassium carbonate. To the stirring

mixture was added 0.87 g bromoacetonitrile under nitrogen. - The mixture was |

'_‘\;) / ‘stirred overnight. The mixture was filtered, and the filtrate was concentrated. The

| product was purified by flash column chromatography on silica gel, eluting with -
1/1 ethyl acetate:hexanes, to yield 81% of 2-(o-cyanomethyl)phenethyi alcohol. |
THNMR (CD;Cly): 2.81 (t, 2H), 3.72 (1, 2H), 4.77 (s, 2H), 6.92 (dd, 2H), 7.18 (d,
2H). 2-(0-Cyanomethyl)phenethyl alcohol (1.0 g, 6.3 mmol) was dissolved in 3
mi. anhydrous DMF and added to a stirring solution of sodiumy hydride (0.25g,
10.4 mmol) in DMF (20 mL). After hydrogen evolution ceases, methyl iodide
(0.47 mL, 7.5 mmol) was added dropwise. The mixture was stirred at room
temperature under nitrogen for five hours. After aqueous workup, the product

- was purified using flash column chromatography on silica gel, eluting with 1/5 ‘
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S S

product was purified by flash colum chromatography on silica gel, eluting

with 1/ 1 ethyl acetate:hexanes, to yield 81 % of 9 March 200 >

2 (o anonet hyl ) phenet hyl al cohol. | H NVR (CD2CI2): 2.81 (t fpi) % 72
Q021347 (s, 2H), 6.92 (dd, 2H), 7.18 (d, 2H).  PCTI/US00/25547

2 (o Cyanonet h I)phenet hyI al cohol (1.0 g, 6.3 mmol ) was dissolved in 5 nL”

anhydr ous Dmhyg osodvent maxmmosoe!dto ang oF6%ef therdesjmgdipdedyct.. 259,

B2 ol Coo o R i B v o0
ermer o4 e USirs B LBER i, i S lifoanfn o oriup the

el uting with 1/ 5236-Osanbinetil)gRéeanin bﬁf&vﬁ@'ﬂé bioRoleaTondwhighlE

acet at e/ hexanes ;solvent njxture tao yiel 560 of the desired

product, 2Prasedyrad In) Fateqhedrop L %{'41}99&%@ S6HEFAVR-(€eD2C 2): 2. 96

(t, 2H), 3. )hss((]! (g 211), 7.31

(d, 2H). 2- (o?néiéﬁ%@%mﬁgﬁn%?%@_%r%t hﬁfn{é]??"}%r was g%fr]i(l)lt ected followi ng .

t he procedupsh ¢thandl. .mmmmomlwdwmmmmes 2-(o-
anonet hyl |soI ed in 49 nm. -~

%hydrousye%ﬁgﬁ %‘gg?@]%&&%ﬂgﬁ@%}?ﬂg’ %Q’)’%ﬁﬂ e§ sol ution. The

sol uti on wahyfrepereovethight. ITHeMix0Re Wik fillrdd, BHd B filate Wwiednsdrtfated under

hydr ogen ovg_ilnl ght. The mxture was filtered, and the filtrate was

concent r at ed he resiguie vasiredissolyed in ethen wwshed with watere and deedhever Me$Omat er, and

o o Ot ot e onceliitn, 430 ERHA b 2y ol d i it ndpyfls0 P “e?ﬁé i
3.60 (t, 2Hjsolaredsy'# NMR(ERGlp): 2R ttyPHE N2 (WaH), 3e600¢e2H t h )

di et hyl phosphor am dous di chloride to yield the correspondi ng phosphorous *
2-Hydroxyphenthyl methy! ether was reacted with

diethy]phosphoranudous dichloride to yield the corresponding phosphorous
amidite in the same manner as described for Example 25. *'P NMR (toluené): |

137 ppm. The phosphoroamidite was treated with 1M HCl solution following the
procedure described for Example 25 to yield the corresponding
‘phosphorochloridite. 3 'P NMR (toluene): 165 ppm. The phosphochloridite was
then reacted with di(2-toly1)-2,2-dihydroxy-1,1"binaphthalene-3,3-dicarboxylate

- in the same manner as described for Example 19. 3P NMR (toluene): 125

(major), 127 (minor), 142 (minor).
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~amdite in the same manner as described for Exanple 25. 31P NWR (tol uene):
137 ppm The phosphoroam dite was treated with 1M HCl sol utfgq@afRlooew ng
the procedure described for Exanple 25 to yield the correspondi ng

. phosphwooni?isyyi dite.. 31P NVR (tol uene): 165 ppm The phaspiosdisssrdi te was
then reacted with

di (2-tolyl)-2,2"-di hydroxy-1, 1' - bi 'n%%%%e‘-& 3' -dicarboxylate .in the
sane manner as described for Exa$jpithesi®of BigEndWVR (tol uene): 125 (nmmjor),
127 (mnor), 142 (minor). 38 19 March 2004 WD 01/-21567 PCT/ US00/ 25547
Exanpl e 30~ . Synthesis of Ligand R Tpepethyl ether of 2-hydroxybenzyl
al cohol was prepared as described i ‘ _e 27. The phosphorochloridite
of this phenol was prepared from PC Iuene with triethylam ne. as
base at -30 C. 31P nmr of .the reacti & mX=ire: 158, 125 ppm To the
phosphorochl oridite solution was added, ' -binapthol in the presence of
triethylam ne, as described in exanplg 27.\ 31P NVR (tol uene): 131 ppm
(major), 146 (mnor). 'Exanple 31 nt hesiy of Ligand V 5 The ethyl ether
of 2-hydroxybenzyl al cohol was prepéred as scribed in Exanple 27. The
phosphorochl ori dite of sowmp was preparpd from P?lS in 39 19 March

D004 jéoi\ \0\(:\5

The ethyl ether of 2-hydroxybenzyl alcohol was prepared as described in

Example 27. The phosphorochloridite of this phenol was prepared from PCl; in
toluene with triethylamine as base at —30 °C. *'P nmr of the reaction mlxture:
158, 125 ppm. To the phosphorochlon'dite éoiﬁtion was addgd 2,2’-binapthol in
the presence of triethylamine, as describéd in example 27. 3'P NMR (toluene):
131 ppm (major), 146 (minor).

‘Example 31
. Synthesis of Ligand V |

0O O o
o) / \ o] _ )
Qd—'—/" a
- / \\
) I
@’" o~
The ethyl ether of 2-hydroxybenzyl alcohol was prepared as described in
"Example 27. The phosphorochloridite of this phenol was prepared from PCl; in !‘
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WO 01/ 21567 PCT/ US0O0/ 25547 toluene with tr = _iine a base at -30 C. 31P
nnr of the reaction mxture: 158, 125 ppm To the phosphorgsilfiH ghdae
sol ution was added di (2-tolyl)-2,2'-

di hydMEXQV21567 - bi napht hal ene- 3, 3' - di car boxyl ate in t he PEBSHESE
triethylam )

5 bed P_NMR (tol 131
L6 (o nom tofiege SguURRET | O Sp i - SKAEI6 oG 518 pi b e LRl Sigure: T (T OF)

2- (2- Tet r ahysy, qpy ﬁylwﬂ:@gshh hnsé&mﬂdmé%hmbﬁwaddémm fdmyzqarrespondl ng
phenol foll ow ng e pr oce re outI ined in Aust. J. Che 1988, 10 41, :

69-84. In adlhy tsbs@:b@cyéazeveﬁmm@mfm Ylpmingyet hy| -

E)(r;e_rrzi) ((C): ° et I(F)Uség%i%]?am dousﬁz&kx O“ng%?r?y@gaﬁ}e @é\%ﬁbgggée:’dan?orfgl/\gg

by triéthyﬂrmmor)e (6 mol ). The reaction mixture was stirred at room

tenperature for one hour, then frlgereg géer a pad of Celite(r). The
filtrate was concentrated in 15 vac ld 1.1g (90% of -the

correspondi ng phosphorous am dig?gﬂﬁgiEofM&QWUene) 142.7, 142.6. The
above phosphorous amdite (1.1 g) was Issolved in 25. nL anhydrous et her
and cooled to -40 C.. To the stirripe ssphoranidite solution was slow.y
added 4.4 nL of precooled IMHJ s “in et’her. Upon addition, white
precipitate formed. The mxture " bd-for 10 20 minutes, and cooled
back to -40 C for 2 -hours. The roeguldtiongy=d urry was filtered over a pad
of Celite(r), and concentrated in_ye Q.. yield-0.92 g of .the
correspondi ng phosphorochl oridité. Y <& t-ol uene) 161. 6 ppm The above

phosphorochioridife was reacted w -di hydroxy-1,1" 40 1 9
March 2004 WO 01/2156 «)

2—(2-Tcu'ahydropyraﬁyl)-tl-methyl-phenol was prepared from the
corresponding phenol following the procedure outlined in Aust. J. Chem., 1988,
10 41,69-84. In a nitrogen purged glove box, 2-(2-tetrahydropyranyl)-4-methy-
phenol (0.96 g, 5.0 mmol) was dissolved in 25 mi diethyl ether, and cooled to —40
°C. Diethylphosphoramidous dichloride (2.5 mmol) was added, foliowed by
triethylamine (6 mmol). The reacnon mzxturc was stirred at room temperature for

‘ one hour, then filtered over a pad of Celltc . The filtrate was concentrated in )

15  vacuo to yield 1.1g (90%) of the corresponding phosphorous amidite. 3p
NMR(toluene): 142.7, 142.6. The aborre phosphorous amidite (1.1 g) was
dissolved in 25 mL anhydrous ether and cooled to—40 °C. To the stirring
phosphoramidite solution was stowly added 4.4 mL of precooled 1M HCI solution
in ether. Updlé‘addiﬁon, white precipitate formed. 'Ihé:_rmixture was stirred for 10

20  minutes, and cooled back to —40 °C for 2 hours. The resulting slurry was filtered

~over a pad of Cclitc®, and con(_:entratcdrinrvqcud to yield 0._92 g of the

corresponding phosphorochloridite. *'P NMR (toluene): 161.6 ppm. The above
phosphorochioridite was reacted with di(2-tolyl)-2,2"-dihydroxy-1,1"-
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_PCT/ US00/ 25547 bi napht hal ene-3, 3' -di carbo and triethylamne to yield the
corresponding ligand. 31P NVR (toluene): 130 (nmgjor). Exanp gardB 2004
Synt hesi s-of LigandX 5 The phosphorochioridite
. of 2- (2WQP¥ESGHr opyranyl ) - 4- met hyl _phenol was prepar ed REI/US0EF54Ted in
exanpl e 32. The above phogphorochloridite was reacted wth
3,3, 4, 4, 6,naphthaleng:hd rdicarn>' . pi-paediel -<girnipe foyield theromespanding| d t he
~ cor-respondi h SR &%ﬁ%& | : 134, 131, 127. k Exanple 34

Synt hesi s opgf#%gﬁg Y Ziﬁg- e'#gﬁ§%§@ yranyl ) - 4- met hyl - phenol was prepared
fromthe corresponding phenol follow ng the procedure outlined in Aust. J
Chem ,. 1988, 41 19 March 2004 WO 01/ginGik F3CT/ USO0/ 25547 41, 69-84. In a
ni trogen purged gl op (2-tetrahydropyTan =4- met hyl - phenol (0.96 g, 5.0
mol ) was dissolved i.n 25 m di eSynthesisdfdrigand¥] cooled to -40 C
Di et-hyl phosphor ani i dous dichloride (2.5 nmmol) was added, followed by
triethylamne (6 nmol). The reactign/m¥ture was stirred at room
tenperature for one hour, -then f'«l§ ~ef a pad of Celite(r). The
filtrate was concentrated in vacuo/to% end 1.1 g (90.0) of the o
correspondi ng phosphor.ous amdite: 3 2 MR(t ol uene): 142.7, 142.6. The

above phosphorous amdite (1.1 g) wa didgol ved [T @5 niL anhydr ous et her
and cooled to -40 C. To the stirrin : P\. _ '
- o /// ' 0
d o)
) o’
5 )

7 The phosphorochioridite of 2e(2-tetrahydropyra_nyl)—4-methjrl—,-phgnél was
prepared as described in example 32. The above phosphorochloridite was reactéd
with 3,3°,4,4°,6,6’-hexamethyl-2,2°-biphenol and triethylamine to yield the '
corresponding ligand. 3'P NMR (toluene): 134, 131, 127.

Example 34
Synthesis of Ligand Y

2—(2-Tct:‘ﬁhydr6pyranyl)—4—1ﬁethyl4phenol was prepared from the '
corresponding phenol following the procedure outlined in Aust. J. Chem., 1988,
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phosphorous am dite solution was slowy added 4.4 nL of precooled | MHC
solution in ether. Upon addition, a white precipitate forneg pmdhs Jgo4ture
was stirred for 10 m nutes, and cooled to -40 C for 2 hours. The resulting
sl-ur rywaa3/2158671 t ered over a pad of Celite(r), and concewporalsedzésd7vacuo to

yield 0.92 0 carrespondi.ng phosphogochlorjdite. 31P (tol uene):
161.6 ppm %ﬁ’eégé%%a@amgme@cﬁ?gr?“di te{z\ﬁ% r@éﬁﬂwmﬁnm'

1,1" - bi - 2- nphéded o.w%,imhﬁmywagrai%lmmiﬁlzﬁldfe 1 EMEF, 3B eHGled % Lygand. 31P
NMR (tol uene&: 131. 11, 131.14 (stereoi SOners). ARATI VE EXAMPLE A |
Synt hesi s of G Digthyipiosphermiddus dicklprided@:5 mmpl)wasuddedgfotioweddspher e

2- I t ‘ ' 3 ol ' | ved .0 th 15
iy then: ac iRl @ oD T SactahandHE s Bivefl st B0 Bhshadie' 8. 00 o
115 1m0l ) - fidhéliy ek HRERY bt fad dfTetite Yrine Rt WR dondbiildgd i n 50nL of

dry ether. After stirring two hours, the triethylanmonium chloride solids

Wer.e vacuunviduotte fyiid ang (Mmhd\bdr&sﬁbﬂdinﬁbﬁgﬁahﬁ?mﬁ attid@d.)¥'pThe conbi ned
e

ether filtr were evaporated to yield t desired phosphoramidite,

.[ 2- (CSH9) m%@ﬂ%@%ﬂs 142,64 Thg abovephosphopeps amidie (1. 1\g) veas/ 21567
PCT1US00125 %QFE el 5480 thea Ll ;. in d-y
euet (50 mé"ﬂz?lg%lﬁincoo_e%@%&ﬁr%ﬁgﬁ?lﬁ&—?‘?e‘ggﬁmﬁﬁgen ch: ori dg I n
dry et her phespborous amidite bplutiors wasl slosilyl adged 44 nilv of prec&oled tM HCOperi od to
the cold, stised. phosphoranidite | uti-on.to- gene e the

phosphor oc h%‘gﬁl%ﬂ l(“e‘%belr' pgn E‘gadg%@n mw&r?‘e[fg!@éﬁ@%mwm. The
resul ting seirdtfore eiMass Al codléd foeladORA 2RSS UTh febuitlhy shiftyugne (2 x 5

m.). The conbi ned et her/tol ue filtrates were.concentrated t6 50 nL -
vol unme. Dr yfiltered olgd apadrod Celi 3} agdordéntried jn vasuoad §ivld 092tgdhef the her / t ol uep@
| corresponding phosphorochloridite. 3P NMR (toluene): 161.6 ppm. The above ‘
phosphorochloridite was reacted with 1,1°-bi-2-napthol and triethylamine to yield
the corresponding ligand. *'P NMR (toluene): 131.11, 131.14 (stereoisomers).

' COMPARATIVE EXAMPLE A
' Svnthesis of Ligand Z,

With stirring under a drj, nitrogen atmosphere, 2-cyclopentylphenol (4.10
5 gm, 25.3 mmol) was dissolved in dry ether (15 mL) then added dropwise to N,N-
diethylphosphoramidous dichloride (2.00 gm, 11.5 mmof) and dry triethylamine
(3.26 gm, 32.2 mmol) disso_lfred in 50 mL of dry ether. After stirring two hours,
the triethylammonium chloride solids were vacuum filtered and washed with dry
‘ether (2 x 15 mL). The cdmbined ether filtrates were evaporated to yield the
10°  desired phosphoramidite, [2-(CsHg)CeH4OLPN(CHs)z, 2s an oil. ,

42



solution followed by di phenyl 2,2'-dihydroxy-1,1'-binaphthal ene-3,3" 10
“dicarboxylate (1.05 gm 2.0 nmol). After stirring overnightigy ,%n%og&ybox,
the solids-were vacuumfiltered then washed with dry tol uene ? X m.) .
_The cwémnaderiltrates were evaporated to yield the di pioaspsooress73lp NVR

(CDC13): 132.0 ppm . LC/MB (APCL+): me = 1231. 15 QOMPARATI VE EXANVPLE B
Synt hesis of Lig aph%g#ﬁ@@'ﬂrep%@;ﬂwiom prep'a"l%ﬂ“'a‘p(‘;‘bﬁlﬁiwr 0t he
general progeAUL& cddRAGH PR ﬁ%rdrg&ﬂ?ﬂé{ezgr CHG@REer HRStild # dr)Gidre

correspondi ng "di net hyl ester for 20 diphe

nyl
2, 2" - di hydr 80 mh,'lmwaddﬂddaep\sisswzﬁau{nﬁmxym& toghecoliRstired
" (CDC13): 13 Al Lt h a nonadent.at ephosphi. Lapurity at 129.2 ppm
exanpl o 35 ROERPERRRL Rdionlo BABARIECbRPRABIRBLN: LT 1Y 0L 0t he
drybox wéis pyelppantyipleensh [2:{C5Ho)ORHIOIPOI] The pestititipasolills weee ¢adbidh (0.5 M,

r hodi um bi s(car bonél )acetyl acetonate (Rh(acacXCO?2) (0.9 nmV., and
1, 2-di chl or’ 0@ Washadavith drysoluene (2x Sank); Fje qombingd giher/tojueper t i on of

.this 43 19 %&@g@%&(@n g?@nﬁq&hﬁgm 25547 solution was added to a

gl ass-1ined pressure vessel contaln approximtely 9 equivalents of Ligand
Al rhodi um- The. r &xg triethylamired.0¢ ggm, 10aamol)iwaschdded tithp sther/alder€0 H2 and -

heated to 95 C.fo hqurs,. .Th acfor was ool e d ressurized and a
sanpl e of tﬁ%’“Pgﬁi%‘ﬁ’&?g???ﬂ&h%%@"ﬁf\@%ﬁ’lﬁ@maag%ﬁsg‘pﬁm ogr aphy "on an
HP 589040 ChidiyaRtioRgladX(1.05i g, 220 Ahidl).| ARer’stirfil§ Berhight Gfthe dytidx| @ey col umm
(30 neters, 0.32 mml.D. gd(g 25 urnjfi | mt hi c%ness)éhgurchased fromthe
 Quadrex Cor selidswers vaqueuniilierpd then veashedswith iy terlugne (s ximidr Thes: 69%

‘ combined filtrates were evaporated to yield the diphosphite. 31P NMR (CDCl3):

xR, 132.0 ppm. -LC/MS (APCI+): m/e = 1231.

15 . COMPARATIVE EXAMPLE B
I Synthesis of Ligand AA
(Y S
. \. i Q )
o

) o ‘This diphosphite was prepared according to the general procedure

| described for ligand Z except subsiituting the corresponding dimethyl ester for

20 diphenyl 2,2'-djhyd;oxy-l',l ';-binaphthalene-B .3'-dicarboxylate. 3IP NMR
©(CDCls): 131.5 ppm along with a monodentate phosphite impurity at 129.2 ppm.

S " Example 35
O d_mfonh. lation of 3-Pentenenitrile (3PN) using Ligand A

25 ~ Inthe drybox was prepared a solution containing 3-pentenenitrile (3PN)
' (0.5 M), thodium bis(carbonyl)acetylacetonate (Rh(acac)(CO),) (0.9 mM), and
‘ l;2-diclxlqrobenzene (internal standard, 0.14 M) in toluene. A portion of this '
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sel ectivity to 5-fornylvaleronitrile: 77%on a nole basis; linearity of
al dehydes produced: 94/a. 10 Examle 36 Hvdrofornylation @fpmaRN2464n9
Ligand B In the drybox was prepared a solution containing 3-pentenenitrile

(0.5 Moo2sdracac) (CO 2 (0.9 mV), and 1, 2-di chl or obenzeper/(sont2sssnal
standard, 0.14 M in toluene. A portion of this solution was added to a
gl ass- | | ne@olytion yasadded et glaswdlinedipressutegvessst contaisi'ut i g% t:hed | gand

onctor e SabatiER oIt RiflodiBd 18 raclor iUl KRR HiSedifioed WBURE FOL 17
3 hou_rs. '_lihemﬁaaﬁd)heatalsl toc&ﬁ)?(éﬂ)rarhbmﬁdhemwt rwasdoahdaadngrrglsgozf t he

t t romat o an .
Chr omat ogr SEPressRed and anaag@?g?gq,gmgq Mo s SRV AL B! U ( 30

neters, 50. %ﬁrdﬁiﬁtb%l?fyhy Bn 2R HFF 53904 ebm with {GiaREes23 ﬁised%xh@ae Quadr ex

Cbrporatlon si s: conversion of pentenenitriles:

sel ecti vi tmﬂ@@ml(%mﬁﬂmlm%m ﬁlmltblcbwﬁlspm'maﬁ@hrl ty of

P oehvees APt o N sy B e

Rh(acac) ( C@)Ecnﬁﬁyt@ S¥i)rnn/ibehittoghrile: Q%&n&mb@e,ba&@ﬁlﬁemg&ﬁm}dehh@aphl ne oxi de
(i nternal %tglcg% o, 2-1 M) in toluene. This solution was |oaded into a
100 niL Par PF t ave under a stream of H2/ CO. The autocl ave was charged

~to 65 gpi with 1:1 H21CO and heat qgixa_hg h1936 Once the tenperature had
stabilized, 10.0 nL of a solutlono entenenltrlle(SSM and
o- dlchlorobenzene (1.0 ' R : gbene was added via a .

iR AR R i S 5508 ©
| Rh(acac)(CO), (0.9 mM), and 1,2-d1chlorobenzene (internal standard, 0.14 M) in )
_ toluene. A portion of this solution was added to a glass-lined pressure vessel and
15 enough of a solution of the ligand (0.05 M) in toluene was added to give 2.7
| equivalents of Ligand B/Rh. The reactor was sealed, pressurized to 55 psi 1:1
CO/H; and heated to 95 °C for 3 hours. The reactor was cooled and
depressurized and a sample of.ﬁe reaction mixture was analyzed by gas
chromatography on an HP 5896A Chromatograph with a Quadrex 23 fused silica
20 capillary column (30 meters, 0.32 mm LD., 0.25 um fiim thickness) purchased
from the Quadrex Corporation. GC analysis: conversion of pentenenitriles:

94.7%; selectivity to 5-formylvaleronitrile: 60% on a mole basis; linearity of
aldehydes produced: 73%.

25 | o Example37 =~ -

- Hydroformylation of 3PN using Ligand C
In the drybox was prepared 25 mL of a solution conta:mng Rh(acac)(CO),

(2.4 mM) and Ligand C (6.8 mM), and triphenylphosphine oxide (internal
standard, 2.1 mM) in toluene. This solution was loaded into a 100 mL Parr

30 autoclave under a stream of Hy/CO. The autoclave was charged to 65 psi with 1:1
H,/CO and heated to 95°C. Once the temperature had stabilized, 10.0 mL of a

solution of 3-pentenenitrile (3.5 M) and o-dichlorobenzene (1.0 M, internal

standard) in toluene was added via a high pressure sjrringe pump (Isco Series 260

- D) over 1 minute. Then a continuous flow of 1:1 Hy/CO (approximately 30
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19 March 2004 WO 01/ 21567 PCT/ USQOQ 25547 cc/mn) was provided to.the
‘reactor, maintaining a pressure of 65 psi. 7 mixture was stid Mafn@ooa

appr oxi mateIY 900 rpmw th an air-driven rotary stirrer for 80 m nutes.

- Sanmpl eVQEIRISET t hdrawn via a needl e val ve and anal yzed b§CHAS00/25547

chr onat ograpdfvjmﬁnveasﬂrﬂs’n&&%&h&&aemtzﬁﬁh&mngw bessuredefds g, 23. f used sil ica

capillary colum (30 neters, 0.32 mnl.D., um fil-m thickness

pur chased fwmﬁéﬁm’ﬁ&aﬁlh’ 8@%%‘*‘%@@?%% Pysi s
i cat e copy RaIEN SimfIENERSAEYie AR ANGHN A oA ger

5-fornylvaleronitri 3% on nol e basis; linearity o

pr oduced: QZGhOmQtOEx@hvloe aﬁ&ﬂHSSHOﬁ GhIQmaogmph »ith3rQuadsex 2P fused sitical J 0. 203

Phen. ol dencoipiterd Rafirh (OHete:0 & Bod by 03 B B AGH5RD PUEARSd ol ume. 64

ng of Li gandfrdmahé Quadiex Worfidiatic., Q& Rters8y mirvess, GCrdnalysifindibdtba 5: 1) 15 were

m xed and put intg a glass vial. This mxture was heated to_95 C under 75

psi (1:1 H2: eeByersym m@pgm@e%d%‘%e W%%WV*&&%N Fo?ﬁa(i’@@r aphy on
.an HP 5890A %@gmm%ty\%{@g&d@égﬁl I m&ﬁ ed silica capillary colum

- (30 neters, 0.32 mml ess) purchased fromthe -
Quadr ex Corporat lon. GC anal ysis.i ndi cat ed conversion of pentenenitriles:

100% 20l electivity to 5-fornyl vaI%onl E!rﬁée: 75% on a 'nol e basis;
| i neari ty of al dehydes pr oduced 9 le 39 Hydr of ornyl ation of MP

using Ligand J In the drybH HARAGTIPN sMdLizasd Font ai ni ng

nmet hyl - 3- pent enoat e , F&O. 9 MM, and
1, 2- di chl or obenzefe0 @.grﬂh{f::%(acag) 3R ofeheazens Weret i on of

1 t“lj“ S S Ol ut i opi RS afdlfHRf tdifer? vHs33ad id1Rbke a stock solution of 400 mL total
volume. 64 mg of Ligand J and 5 mL of the stock solution (ratio of P/Rh: 5:1)
15 were mixed and put into a glass vial. This mixture was heated to 95 °C under 75

psi (1:1 H2:CO) for 3 hours. A sample was analyzed by gas chromatography on
an HP 5890A Chromatograph with a Quadrex 23 fused silica capillary column (30
meters, 0.32 mm L.D., 0.25 um film thickness) purchased from the Quadrex
Corporation. GC analysis indicated conversion of pentenenitriles: 100%;

20  selectivity to 5-formylvaleronitrile: 75% on a'mole basis; linearity of aldehydes
produced: 95%. | o

Example 39
| Hydroformylation of M3P using Ligand J
In the drybox was prepared a solution containing methyl-3-pentenoate
25 (M3P) (0.5 M), Rh(acac)(CO); (0.9 mM), and 1,2-dichlorobenzene (internal
standard, 0.14 M) in toluene. A portion of this solution was added to a glass-lined

L
~

- pressure vessel and enough of a solution of the ligand (0.05 M) in toluene was
- added to give 4.6 equivalents of Ligand J/Rh. The reactor was sealed, pressurized
to 55 psi 1:1 CO/H; and heated to 95 °C for 3 hours. The reactor was cooled
36 and dcpressﬁrized and a sample of the reaction mixture was
analyzed by gas chromatography on an HP 5890A Chromatograph with a DB-
FFAP fused silica capillary column (30 meters, 0.32 mm [.D., 0.25 um film _
thickness) purchased from JW Scientific. Conversion of methyl-3-pentenoate: )
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pressure vessel and enough of a solution of the ligand (0.05 M .in tol uene
was added to give 4.6 equivalents of Ligand J/Rh. The reaci®pnagpaal ed,
pressurized to 55 psi 1:1 COH2 and heated to 95 C for 3 hours. The reactor
was cWo e1s@0 and depressurized and a sanple of the repCTAUS/ZESLL Ure was

anal yzed by gas chromatography on an HP 5890A. Chr omat ograph with a DB- FFAP

fused sil i dd¥gagiactivitytoooethylnd-f@myinalerats; 780630 amvple tosis; bneasity of fi | m

t hi ckness) rchased.fr Scientific: Conversion of methyl-3-pentenoate:
P AL L LN RN R M 84% selectivity to |

met hyl - 5- f or nyl val erate. 78% on a nole basis; linearity of aldehydes
produced: 98.8% 5 Exanple 40 Hydrof or{wy ation of 3PN using Ligand M 20. 25
g 3PN, 0.125 g Rh(CO) 2(acac), and -di chl or obenzene were mnmixed to

make a gtock sol ution. T&ﬁm@oﬁ%ﬁaﬁﬂm@%ﬂé!ﬂaLﬁg dREs stock solution to
10 ng of ligand M- No toluene a n same condrtion as above. (P: Rh:
10 2.5). A sanple was anal yzed by gas chromat ography on an HP 5890A :

Chr omat ograph Wi Si b Ll : . neters,
0.3 it b G2 aap R Piifs ERACOR s anR 2508 2 Bbpfbefgige ™ o

Cor por at'i onmx@@to fiake ¥ Stosk bﬂdh@@tmmtgsmﬁm&ﬁmmwuktsblﬁm 85%.

select|V|tyt05f rrylvaleronltrll 5% linearify of agldeh
pr oduced: 65919 ]FBgEg[i M&%W cqnditipryasa é’ﬁ'té

using ljo andsM A sample was analyzed by gas chromatography on an HP 5890A
' ‘ Chromatograph with aQuadrex 23fuscd Qilica éapfllary column (30 meters, 0.32
mm LD, 0. 25 um ﬁlm thlckness) purchased from'the Quadrex Corporation. GC
'analy51s md:cated conversion of pentcnemmles 85%; selectlwty to 5- )

te 3P

formylvaleronitriie: 55%; lmcanty of aldehydes produccd.65%.
15 | '

ple 41
H drofonn latlon of Methyl- 3-Pentenoate 3P) using Ligand M
In the drybox was prepared a solution contammg meﬂlyl-B-pentenoaIe 0.5
M), Rh(acac)(CO)z (0. 9 mM), and 1 2—d1chlorobenzene (internal standard, 0.14
20 M) intoluene. A portion of this solution was added to a glass-lined pressure

vessel and enough of a solution of the ligand (0.05 M) in toluene was added to
give 2.5 equivalents of Ligand M/Rh. The reactor was sealed, pressurized to 55
psi 1:1 CO/H; and heated to 95 °C for 3 hours. The reactor was cooled and _
depressunzed and a sample of the reaction lmxture was analyzed by gas ,}
25 chromaxography on an HP 5890A Chromatograph w1th a DB-FFAP fused silica

| caplllary column (30 mcters 0.32mm 1D, 0.25 um film thickness) purchased

_ from w Sclenuﬁc Convcrsnon of methyl-B-pentenoate 74%; selectxvxty to
methyl-S-fonnylvaleratc 57% on 2 mole ba315, linearity of aldehydes produced:
70%. ,
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~In the drybox was prepared a solution containing nethyl-3 pentenoate (0.5
M, Rh(acac)(O2 (0.9 nM, and 1, 2-di chl orobenzene (internajgahrRdand. 0. 14
20 M in toluene. A portion of this solution was added to a glass-Iined

. pressuMO Sl and _enough of a solution of the |igand (ECTBsAY25547 t ol uene
was added to give 2.5 equival ents ofExampded2-58 Rh. The reactor was seal ed,
pressurized-to 55.. psi_1: 1 CO’H2 and heated to 95 C for 3 hours, The
react or was cool ed@ &EALOLIHES AR sRthrough Leand BobeNodh nixture
was anal yzed by gas 25 chr orrat ogr aphy on 5890A Chrorrat ograph with a
DB- FFAP fused silica - capillary colum (#ﬁﬂg%e 0.32 Mm1[.D., 0.25 urn
filmthi ckness) purchased from JW SCI entific. ConverS| on of

met hyl - penteno sel ect 0 orat e: 57% on
T e e o sl e A M seis TN, AL R R S0a v
01/ 21567 PC'EA&JSO(mdram ﬁg@t@']‘gﬁeﬁa,ew,droforrryl ation of 3PN using
Ligods D through _1.:a n_d L-NP. X and Y_Exarrpl e. 36 vvas frepeated with
Li gands D t hroug le I, f atiop of $-pegtenenitrilg CADOVe MERI0E gi ven in

Table | bel ow. Table 1. Hydrof ornyl ation of 3- nentenem tr| I e by the above
met hod . Exanpl eLi gandConvSel Li nLE-M 42D. 9870865. 0. 43E9641481. 6 44F8983985.5

45G8983985. 5 ~Example Ligand  Conv Sel Lin LM
42 D 98 70 8 50
43 E 9 41 48 16
| - 44 F 89 83 98 55
) 45 G 89 83 98 55
46 H 93 80 98 55
47 . 83 45 58 54
48 K 81 74 96 56
49 L 85 61 81 50
50 N 66 39 48 55
51 P 9 61 75 2.8
- 52 X 66 71 82 6.0
53 Y 80 53 64 6.0
10 EXAMPLE 54

(Gas-Phase H.y:droformxlation'of Propylene Using Ligand O

_ An empty 0.25-inch (0.64 cm) diameter, 15-inch (37.5 cm) long stainless
15  steel mblilaf reactor was placed in a nitrogen-filled drybox. A plug of glass wool
was placed in the bottom end of the reactor, followed by 3 g of catalyst. A
thermocouple ‘was inserted into the top of the reactor. Both ends of the reactor
were sealed by valvés, and thé reactor was removed from the drybox and was
connected to stainless steel reactor feed lines purged with nitrogen. The reactor
20 was equipped with a by-pass line to allow for a flow of CO and Ha to be )
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46H9380985. 5 471 8345585. 4 48K-9174965. 6 49L8561815. 0 50N6639485. 5
51P9061752. 8 52X6671826. 0 53Y.8053646.0 10 EXAMPLE, 54 Gas-{fdws&h 2004

~ Hydrof ornyl ati on of Propylene Using Li and O An enpty 0.25-inch (0.64 cm
di amre™0 0121567 nch (37.5 cn) long stainless 15 steel tubOrASIr2s84 or was

placed in a nitrogen-filled drybox. A plug of glass wool was placed in the

bott om end ﬁa&ﬂm&l&iﬂbmmnﬁgtﬁeanbdsﬂyoﬁﬂg ro.iotoﬂb&hq@d gasashdheocoupl e was

i nserted-in t op ‘of act or ds of the react.or ..were seal ed
by val ves, é\ H“P W@Wﬁqﬁgﬁ @ﬁﬁi’%‘ﬂ“ﬁ EWVE’JP%"&Q SPHG nhected to
stainl ess Sﬁwmﬁﬁﬁ@ﬂclﬁﬁo@m&ﬂwkwmmﬂﬂmﬂ or 20

was equi pped with a by-pass line to allow for a flow of CO and H2 to be 47

19 March 206@%swh2ed/minde) awhey yuin Hadegdenseimd beem ashiswed, 8 valueitay, % P,

re;cf o(r: Lo fegggm g’%@%ﬁlabﬁg@%@gﬁt&%ma El?%&lg?wigg%&w&s%est;blt |h§hed |

in the reaci:no’l’ahhga mmeﬁﬁumtsmhplbswb:dmaimd&gegasuhmmamgm;g}ytﬂoetheeactor
When t he deS| red er a ture tes,of . 2cc/ co and 2cc/ mn H2
feed gases P& aﬂgg’m‘:heéb“mdrﬂ de.

Table 2 shows the g of catalyst and the wt% of phosphorus in the catalyst
used The mole ratio of Rh/P shown in 'I‘able 2 isthe muo used to complex Rh to

10 the catalyst fmm a solution of Rh(acac)(CO)z in toluene. ‘The TON/hr numbers
shown in Table 2 were calculatcd to represent the moles of pmpylene reacted per

mole of Rh pcr hour | )
| TABLE 2
Gas Phase Propylene/ CO/ H; Reactions
Catalyst  Propene/CO/H, Elapsed Propylene Linear/
ligand g,%P,RWP cc/min. Time,hr % Conv. Branched TON/hr
O  3.0,0.08,05 22,2 3.1 78.0 106
' B 9.5 80.6 >29 131
s S 32.8 78.4 68.5 104-.
| - o 388 819 68.3 131
50.3 81.7 68.5 . 103
533 78.8 67.0 131
15 N | EXAMPLE 55

. Hydroformylation of BPN using a polymer sur rted catal st - Ligand

A 100 mL autoclave equipped with a‘sampling. line 'coonec'tod' to a sintered
frit was charged with 1.32 g of Ligand Q. The autoclave was evacuated anda

]
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5 turned to begin passing CO and H2 over the catalyst. Periodically, at
times shown in Table 2, reactor effluent sanples were analyzggrcRY088S
chromat ography for the anmpbunts of unreacted propylene, |inear and branched
. but-yr alM@B/S67 Tabl e. 2 shows the.g of catal yst and. the MCPAIS0ISE4Sphor us

in the cat akolstion cteﬂinmgm:omg of Rh@icad)(@D),RA/58 SorBipentéhenitileawas 1 s t he
rati o used ex Rh tg- 10 the catalyst froma sol uti on_of

Rh( acac) ( %d?qpﬂlﬁﬁr Yeswem. Fhe myuxiyre, way stipt for Simippites and the liquid way o
hour a5 S TRRE: oHRIIP RS Lo BB ATy LARREGrSle Bl Feglla 11 P
2,2,2 3.1 e&nHRinipg nstheaatoelavﬁm rinS&} Vit HodBHE f59 4101 @rmmmmlenear !
-8IEN7 gg 05/?1 ggg%h%ﬁg&%%%g s%n?el]g)rgce%owefs izgojlé&on7§on%§m5 ]7%4g of 38pen%36n%m%n§c

“and 2 g of ortho-dlchlorobenzene was loaded into the autoclave.

Thc autoclave was pressurized w1th 65 psi CO/Hz(1:1), heated at 95 °C
under vigorous stirring for 4 hours wlnlc flowing CO/H; at a rate of 20 mL/min
for 4 hours. A samble was remo"\;éd ffom the' reactor aﬁéf 4 hours and analyzéd :
10 by GC (mo]e%) 2PN 2. 4 %, VN 18. 8%, 3PN 5.6%, SFVN 68.1%. 3PN _
conversion 94%, 5FVN selcctxwty 74%, aldehyde hneanty 94, 4%.

J

) : EXAMPLE 56
Hydroformylation of 3-Pentenenitrile using Ligand R
15 ~ A solution containing 0. 2536 g of Ligand R, 0.018 g of Rh(acac)(CO),; 1
" gofl 2—d1chlorobenzcnc and 30 g of 3-pentenemtnle was loaded into a 100 mL
autoclave and heated with vigorous stirring under 65 psi CO/H(1:1) whlle_
flowing CO/H; at a rate of approximately 30 mE/min at 95°C for 4.5 hours. The
reactor was cooled and depressurized, and a sample of the reaction mixture was
20  analyzed by gas chromatography on an HP 5890A Chromatograph with a
Quadrex 23 fused silica capillary column (30 meters, 0.32 mm LD., 0.25 um film
thickness) purchased from the Quadrex Corporation. GC analysis: 2-pentenenitrile
1.3%, valeronitrile 10, O%, 3-pentenenitrile 5. l%, -fonnylvaleromtnle 66.8%.
Conversion of pentenemtnles 95%; selcctlvuy to 5-f0nnylvalcromtnle 71% on a

25 mole} basns, linearity of aldehydes produced: 80 %.

| EXAMPLE 57
Hydroformylation of 3-Pentenenitrile using Ligand S
The reaction was run as in example 56, but with 3.1 equivalents of Ligand
30 S/Rh,for5 hours GC analys:s 2—pentenemtnle 0.1%, valeronitriie 17.9%, 3-
pentenemmle 0 1%, S-formylva.lerommle 58 7%. Conversion of pentenemlnles:
100%; selccnvuy to 5~formylvaleromtnle 59%ona molc ba315 Imeanty of
aldehydes produced: 72 %. _ b
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78.867. 0131 EXAMPLE 55 H droform |l ation of 3PN using a polynmer supported
~catalyst - Ligand O A 100 nlL autocl ave equi pped with a sanp{d Qdrdnists -
connected to a sintered frit was charged with 1.32 g of Ligand Q The

aut ocmaye1218s7 evacuat ed and a 48 19 March 2004 WO 01/ 21pErmBeelissiHO0 25547
sol ution containing 0.048 g of Rh%l n 50 g of 3-pentenenitrile was
| oaded under vacuum The mxture for 5 mnutes and the Iiquid .
was renoved fromthe aut | ng. s appl ying pressure.
The solid remaining.in. tl : ' ortions of 50 m

of 3-pentenenit rhﬂﬁeﬂrybaxhra&pkdpamdmgsdhhtmmmﬁmpmgdaﬂ!m(o.&%\d) ution ‘

Toadod | nt gl (50 Ron Ligsia SO dnd bt Lt Sl o e © "
CO H2( 151) ,soliidnedasticald aC80 T eiRter mlpsxmfft:@mz(mmr i Butflghey Whi l e

flowwng CO H2 at a rate.of.20 nL/m-n- for- 4 hours. A sanple was_renoved

fromthe ré&éﬂt& Oaﬂmols)wem@ieénméhamﬁw ?ﬂhb}ﬂt@,ﬂl(sﬁﬂdé%aﬂdm 2.4 % VN

;?dgmdgp:\ﬂ nearity %M%%E@%B%ﬁ%?@% at | on fe)lngtﬁéﬁlenrfcr%l) | e

usi ng Li garmthm'xﬂ(aom sOJBﬂnmm):c(mw%) AF%WodanE 13366mhrgdm¢tehbs, 0.018 g -of

Rh(acac) ( d I enzen ~pent epenitrile was
| oaded i nt 44%’(?0“‘%{“ ﬁf]}?‘%’lg@é"’% %&ﬁ%ﬁgﬁrm 'ng under ‘65
psi  COpBR2( JC&')vei“Jid)ﬁﬁf 1-bbiené:NB0RsRctiNityAto Tdkndlf S BRI MiRRfaldehPdesT/ M N at
95C for 4.5 hours. The reactor was cool ed and depressurl zed, and a sanple

of the readpdtcedi M%) e was 20 anal yzed by gas chr omat ography on an HP
5890A Chromat ograph with a

EXAMPLE 59 L)
_Ydroformvlatlon of 3-Pentenemlnie usmg L:gand T

15 i _ The reactlon was run as in example 56, but with 5.9 equlva]ents of L:gand
T /Rh GC ana!yms (mole %) 2-pentenemtnle 18. 5%, valeronitrile 6.5%, 3-
pentenemtnle 42 0%, -fonnylvalerommle 23.6%. Convers:on of
pentenemtnles 54%; selectmty to S-formylvaleromtnlc 44%ona mole basis;
lmeanty of aldehydes produced: 83%. '

20

| EXAMPLE 60
Hi&ofomvlahcmﬁilmm_@rzgﬁg@ﬂ

_ The reaction was run asin example 58, but with ngand U. GC analysis:
' ‘ .(mole%) 3.8% octane, 31 0% mtcmai octenes, 5.9% 2-methyl octanal, and 46.1% 3'
.25 nonanal. anversxon of l-octene: 100%; sclectlvitji io.nonéﬁal: 53%; linearity of
aldehydes produced: 89%).

EXAMPLE 61
, szroformxlatlon of 1-octene usmg Lxgand v
30 The reaction was run as in cxample 58, but w1th ngand V. GC analysis:
' (mole%) 6 5% octane, 28.3% mternal octenes 7. 0% 2-mcthyl octanal, and 50.4%
nonanal. Conversion of 1-octene: 100%: se!echvxty to nonanal 55%; hneanty of
aldehydes produced: 88%). ‘
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. Quadrex 23 fused silica capillary colum (30 neters, 0.32 nm|.D., 0.25 um
film thickness) purchased fromthe Quadrex Corporation. GGoQalchsiods
2-pentenenitrile 1.3% valeronitrile 10.0% 3-pentenenitrile 5.1%

- 5-formYQANVESEhi trile 66.8% Conversion of pentenenitriPEHUSHRES4T
selectivity to 5-fornylval eronitri IeXAKMPLE6 a 25 nol e basis; linearity of
al dehydes produced: 80 % EXAMPLE 57 Hvdrofornvl ation_ of 3-Pentenenitrile
usi ng Li gand S The rB¥deoformvlationof Methyl-3-Pentenoa SR NBA0E Wi th 3.1

equi val ents of Li : mainin : a [-Se

2-pentenenitrile %%?@?oég?er onl%é'?F%&%yE%WBO%?e%%gﬁéﬂ(go .’%‘%Of

5-f or nyl val enrtw-dichloebspzeneand3d gaofsnethyld-pentenioateovastiodded snto allP9upl

lectivigty to 5-f | valer.onitril e: "59% | P So b ity of
o) dehyded. rbirias Anheyea oMy omnS g 18 g B GOAT LU Py o5
EXAMPLE 58 ﬂbﬂdﬁlgfm%bahiﬂéloﬁﬁ%ﬂmﬂﬁiaﬁl?w&im&hﬁt%ﬂdf& 6.5 hble. The/box was

prepared a sol ution containi ng octene (0.89. M Rh(acac) (€O 2 (5.9 MV,
and Li gand SeReter yivj cqqled and depressurized, and a samplesof; the FeastiQRmHREWA at  80C

under ' 100" Dgiatyabd Gplgggé&éaﬁhogqp#{mm% 3o bﬁfo%aﬁdo’%nﬁ%mm'tﬂawm' e) vas

added into the m xture: as t ernal standar m xture was
anal yzed by KfAP fised silica gapillany colb@in (30t metersOR.32 mpa .0.,6R2 Bl finc ol um(30m x

- 0.32mm 1.B) . le% . 7, 3% act a 14. 3% j.nt ernal oct 14. 4% 2- met hyl
oct anal ,194. dg%%gpﬁsé pﬂ?ﬁ?ﬁ&&“ﬁ?@eﬁﬁﬂ@‘f gﬂ'ﬂivegsé‘?%%otﬁﬁtﬁgﬁiﬁmfﬁo&%ver si on of
1-oct ene: 10[UHps;SeleetiityiotnethP] S\fsradydvaleraté?92% oR@anélt basit; lnledetyyotes

pr oduced: 740/(()!.
aldehydes produced: 98%.

)
7 COMPARATIVE EXAMPLE A-1
15 Hydroformylation of 3-pentenenitrile using Ligand Z

The procedure of Example 36 was foliowed for ligand Z. The data in
Table 3 indicate that ligar;ds C and P give higher selectivity to the desired product
than ligand Z. '
20
Table 3. Hydroformylation of 3-pentenenitrile
Ligand Conv Sel Lin LM
C 100 80 93 3.0
w3 P 91 74 96 56
Z 70 45 58 50 - -

COMPARATIVE EXAMPLE B-
Hydroformylation of 3-pentenenitrile using Ligand AA
25 The procedure of Example 36was followed for ligand AA. The data in
Table 4 indicz;te that ligands A and K give higher selectivity to the desired product
than ligand AA.
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EXAMPLE 59 Hydrofornyl ation of 3-Pentenenitrile usingLip-and T 15 The
reaction was run as in exanple 56, but with 5.9 equival ent siofialch®and T
/Rh. GC analysis: (nmole % 2-pentenenitrile 18.5% valeronitrile 6.5% 3-
pent emamot/ziske 42. 0% 5-fornylvaleronitrile 23.6% Convergigi/ k47

pentenenitriles: 54% sel.ectiyity to 5-formyvaleronifrile: 44%on a nole
basis; linearity of al MM‘;J&M = E 60
Hvdr of or nvl ati on- of "1-0 SH T . f"on was run as in
exanpl e .58, but wi.th Ligan 6 -GC anal ysi s: (m)f"e0 . 8% octane, 3 1.0%
internal octenes, 5.9% 2-netAyl octaB8@l, &7d 4841 %0 25 nonanal . Conversi on
of 1-octene:: 100% selecti-vi}y to.nopanal: 53%, linearity of al dehydes
produced: 89% . EXAMPLE 61 d_rof_orrng ati & of 7P -%céene usi ng Ligand V 30
The reaction was run as in gganple 58g buigowi tg4Li gand V. CGC anal ysi s:
(mol e 6.5% octane, 28.3%internal ‘octenes, 7.0% 2-nethyl octanal, and
50.4/0 nonanal. Conversion of 1l-octene: 100% selectivity to nonanal: 55%
linearity of al dehydes produced:- 88%. 50 19 March 2004 WD 01/ 21567
PCT/ US00/ 25547 EXAMPLE 62 W Hydrof ornyl ati on of Methyl - 3- Pent enoat e usi ng
| i gand - ' o : - S

5 _

-
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» A solution containing 0.2600 g ligand W 0.018 g of Rh(acac)(CO 2, 1 g of
ort ho-di chi or obenzene and 30 g of methyl 3- pentenoate was | @ﬁ‘eﬂ?ﬁ a 100
mL 5 autoclave and heated with vi gorous stirring under 55 E #}@?1

« whil e WORIRBFTO H2 at a rate of approximately 30 nl/nmi n PATASHE28547 6.5
hours. The ,éigﬁctor- was_.cool ed and depressuri-zed, and a sanple of the
reaction m x 1 I Yl yzed by gas chronat ography on an HP 5890A
Chr omat ograph wi t-h -a DB- FFAP fused silica capillary colum (30 neters,
0.32 M 1I.D., 0.25 umfilm 10 thickness) purchased from 3W Scientific.

Conversi on of net Hyl - 34penireformylation pAit¥s cehmiding rdaytii@anidaitrated |

5-fornyl val erat e: %ﬁ@oﬁﬂe basi s; Ilnearl ty of aldehydes produced:
98% - COVPARATTRIE® ‘EIPWPW f 2GOBPASHion GoBPTISHEA t ri | e usi ng
Li gand Z sTheuphsifietinetil Ghd BXRES ofe g data in
Table 3 indicate that ligands C angﬁgﬁg‘?ﬁe@h %@ﬂt eJ(i:tl Vi t{/ogrtno-ggﬁe
desired prodll'é{ ri-Ban | igand Z. 20 Table 3. H ~Hydr of or nyl at i-on of
3-pentenenitrile Ligand ConySol Li nUM C10080935.0 P9174965.6 Z704558-5.0 .
COVMPARATI VE EXAMPLE B-1 Hydrofornylation of -3 pentenenitril.e using Li gand

AA 25 The procedure of Exanple 36was Hopmutw¥ed for |igand AA. The data in
Table 4 indicate that |ligands A and K gi ve higher selectivity to the

desired product than Ii ﬂ

10

Formula I-A

o f X2 X\Q
) RN V

- FAM P—X'—R 1)
\ 4 o
| , y
15 |

53



51 19 March 2004 WD 01121.567 5 Table 4. Hydrofornyl ati on of
3-pentenenitrile Ligand Cony Sol ° Lin LIMA 6977.9410 90" 6b/agrcR 28022642. 7
PCTI USQQ 25547 52 19 March 2004 WO 01/ 21567 What is clained: is:

PCT/ US00hP21547 1. A_hydrof ornyl ati on process conpri si ngprgasiohMgs4an
unsaturated. conpound wi'th CO and H2 in the presence of a conposition
conprising a transition netal, andFemuleBRBt one nultidentate phosphite

ligand of the fornmulae 1, _I-A or I-B Formula | P XIL-Dx o/ \o 10 Formul a
|-A 15 53 Q
/O
P—-—-—X—--
whereit;; : ‘)
5 X' is a bridging group selected from the group consisting of

whereinR', R, R, R*, R®, R®, R, R®, R", arid R?" are independently
selected from the group consisting of H, C to Cys alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SO;R"", -
10 SO;NR;"?, acetal, ketal, dialkylamino, or diarylamino, -OR", -
| CO.R', (CNR'MR", (CNOR')R* wherein R is C; to Ci3 alky!,
cvcloalkyl, aryl, or substituted aryl, -C(O)R'?, -C(O)NRR", -O-
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+ 1 9 March 2004 WO 01/ 21567 Fornmul a 1-B PCT/ US00/ 25547 \/\herel n; S a

bridging group selected fromthe group consisting of. | 83
, RR, wedor21by, R6 , R7, R8 , R', and R2 are independent h;y;m_g ,ggk-p from
‘ the gr oup consi sti.ng ,of C, to G s alkyl, cycloal kyl, trialkylsilyl,

triarylsilyl, hal Ogerﬁ(O)Rfyr IR 2 pg@)}wam&é&mu m@ﬁ‘ﬂm m&?ema%{l%ll) R11,

acetal, ket aI di al kyl am no, or_diarylam_no, -

_(CNOR')R', wherei n R'Sel%@ﬁQ%@W&PWNIW%JFIWICIS alkyl. CY@P%st i tuted

1) ot o2 o S QAR S b M B RS rofon

i ndependently sel ectcaﬂthélammatimgsanw dsmbcsmbsugneﬂwiﬂh CEtoC@gzﬂkﬁ al kyl ,
cycl oal kyl, aryl, or s bt|t osi i her .t han R1
t hr ough é&? on the ar%®! ‘F‘ﬁ@‘é"‘??ﬁij/ “a?'afwg*ﬁﬁglh&l?@s?’."e Fetiivoreadiyly o o's

al kyl, 5 cycloal kyl, sutfoaykitdtall kital, Hiallg/iathiniol i ﬂﬁin@QEOR'hLCOQR’é;R
_ perfluoroal kyl , suI fonyl, acetal ., ket al’, dial kyI am no, diarylam no, -OR',
-C2R',R- CNRL n, or or ! C\M@Relsn R9 and R14 are |ndependently sel ect ed

fromthe group Cqme P@and(]i“’?: ﬁdg%éﬁg%éél&léd 8&6%9@11 ;/:og%.éﬂ

- substituted aryl; erein are | epend e&t ed from
the group consisti nngcI'E,:Cn to C;g alkyl, cycloalkyl aryl, or substituted aryl;

10 ." wherein X? through X® are independently selected from the group
' consisting of:

Y
Z

wherein Y is independently selected from the group consisting of H, aryl,

CR"Y; (CR™,) n-ORY, (CR',) n-NR" wherein n is a number
15 between 0 and 3; wherein RMis H, C;-Cy3 alkyl, cycloalkyl, or aryl;

wherein R"® is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO,R", -SO,NR'2,, -CORS; and wherein R' is
H, C;-Cys alkyl, aryl, or perfluoroalkyl;

wherein Z is selected from the group consisting of (CR'2),-OR'* wherein

20 : n=0-3;

! _ wherein a ligand of the structure of Formula I-A or Formuia I-B has at
least one aromatic ring carbon in the ortho position to an O bonded to a P bonded
through (Z")n' to another aromatic ring carbon in the ortho position to the other O
bonded to the P;

25 wherein Z! 'i_s independently;

T
i

R1 8
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Y z wherein Y is independently selected fromthe group consisting of H,
- aryl, CRE43, (CR142)_.n-OR14, (CR142) n-NR 5 wherein nis a m%%h
between O and 3; whereirn R14 is H, C,-C18 al kyl, cycl oal kyI or ary

wher eiworgiR1363 sel ected fromthe group consisting of H ﬁ%%%? ¢l oal kyl ,
aryl, -SO2R11, -SO2NR122i -COR16; and wherein R6 is H, f al kyl ,

aryl, or perfluor\qﬁr&ubmmgrﬁar&l%ﬂeq Eﬁ&érﬂ? TeBidH t5hen BleQPusonsi sting of
(CR142),, OR14 wherein 3; gnéé‘?,el and of tﬁcegilstﬁr:uct e of

Fornmula I-A or F&P HﬂF%“ﬂzf%'Ltﬁ'sm&w §Y°6?¥Eylaﬁ'af Sﬂbﬂ%d@wlb@#% t he
ortho position tgs@afhd cROBFSGel 0 @ P bonded through (Zl)nl to another
aromatic ring carbon in the ortho position-to the other 0 bonded to tine
P, 25 wherein Z' is |ndependently R18 55 1 9 March 2004 WO 01/ 21567

PCT/ USOQ4 25547  wher eig, and R' 8 ar |nde nde t| ct from

t he grogff) consi stl ng oﬁﬁéfes tl‘fl ﬁ‘ aaﬁ? °’¥6§T Sfl
subst i t ut edteafopin a eyudicretheri s ei t her one or zer.o 5 2. The process of claim
| wherein'the ligand has either. Y linked to Z to forma cyclic ether. 3.
The process of claiml wherein the ligand has the structure of fornmula I.

3. The process of claim 1 wherein the ligand has the structure of

formula 1. :

10 . 4. The process of claim 1 wherein the ligand has at least one terminal
-group of the structure of formulae A or B; Y* = O or CHp; and R14 is defined
as above

Formula A

15
Formula B

20 - ' ‘] :
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10 - 4. -The process of claim1l wherein the ligand has at |east one term nal
group of the structure of fornmulae A or B; YY =0 or CH2; and Rl14 is
defined as above: Formula A 15 Formula B 20 56 19 March 2004 Neich2094561

- PCT/ US00/ 25547 5. The process of claim 1l wherein the reactants are in the
vapor phase. 6 The process of claiml|l wherein the transition netal is a
nmetal from Group VIII. of the Periodic Table. 7. The process of claim1l
wher ei r’fv?ﬂgnﬁfénsmlon netal is selected fromthe grou‘me&‘;’-SSn@ of a
hydri de, hali de or ganic,acid salt, acefylacetonate, .inorganic acid salt,
oxi de, carbon ound@ﬁ@r%ﬁﬁﬁf‘ﬂﬁﬁbbﬂ’ham& theirgentais aredn theerppnodi um
supported onp bon 8. The process of claim| wherein the unsaturated
-conpound is selected fromthe group consisting of nonconjugated |inear

al kenes, nonconjugated [inear al kenenitriles, nonconjugated al kyl

pentenoat es, 15 goncomhy 9&;&% SRIMIANBWhereftF e HansitiBh Rt JodplifiRnd
deri vat|v§ wﬁé 'gqeﬂhf gh P g ']%Efil uor oal kyl et hyl enes. he process
of claim ? ftthe Pegipdic, ed conpound is

7. -The process of claim 1 wherein the transition metal is selected
from the group consisting of a hydride, halide, organic acid salt, acetylacetonate,
inorganic acid salt, oxide, carbonyl compound and amine compound of rhodium,

10 and thodium supported on carbon. - '

8. The process of claim 1 wherein the unsaturated compound is
selected from the group consisting of nonconjugated linear alkenes,
nonconjugated linear alkenenitriles, nonconjugated alkyl pentenoates,

15  nonconjugated pentenals, acetal, imine, and hydrazone derivatives of pentenals,
and perfluoroalkyl ethylenes. -

9. The process of claim 1 wherein the unsaturated compound is
selected from the group codsisting of ethylene, propylene, 1-butene, 2-butene,
20 2-pentene, 2-hexene, allene, allyl alcohol, 3-pentenenitrile, 4-pentenenitrile,
‘methyl-3-pentenoate, methyl-4-pentenoate, 3-pentenal, 4-pentenal; acetals,

imines, and hydrazones derived from 3- or 4-pentenal;. and C,F,,,;CH=CH,

(where Zis 1 to 20).
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sel ected fromthe group consisting of ethylene, propylene 1- but ene,

2-butene, 2-pentene, 2-hexene, allene, allyl alcohol, eF; 'ZIO" 4I e,
4-pentenenitrile,. -nethyl-3-pentenoate, nethyl-4- pent enoa pent enal ,
4-pentenal ; acetals, imnes, and hydrazones derived from3- or 4- pentenal

and CzF2z+t.CH=CH2 (where z is 1 to 20). 57 19 March 2004 10. A
hydr of ormyl ati on process conprising reacting an unsaturated conpound wth-
CO and H2 in the esence of a conposition conprising a transition netal,
and at | east one'lq?ml tAMﬁp&t@yﬂﬂm@mwwésm@mnmmmmmmem I1-A or

by 1 g ot Yo R el 0 R B s

consi sting mmnﬁmwawaﬂ@%heﬁemaw& foRhulgZIpher ei n R1

, R, R3 R RS Re, R8B , R', and R2 ' aré independently selected
fromthe grlé'tfpob'éﬁl stl ng of H C to C18 al kyl, cycloal kyl,
Formula Il
X2 X3

h7a



trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SC2R11,
S02NR212, acetal, ketal- dial kylam no, or diarylanno, -

- ( ONRIgyhRh b isen (CNCR' )R'"vvherel n R is C, to Cl18 al kyl, P&@@Jﬁm‘aryl
or substitut ed aryl, -C(OR 2, -C(ONRL2R13, -0- C(O R12 R13 .
Wherein R12 and R13 are mdependenthmuqs@ne;qt ed fromthe group consisting
of H C to C18 alkyl, cycloalkyl, 10 aryl, or substituted aryl; wherein
positions other than ough §& on th%?aro ; gs nmay al so' be
substituted with C N4yt cycl oa . S|IyI triarylsilyl,
hal ogen, nitrile, peffl uor 7 kyl, sulfonyl, ack & al , d| al kyl ani i no,
di arylam no , OR11, -2R1 R  CNR11, .or RCNORI erein RO and R10
are i ndependently sel eCyed om t he group consi ' of H C to C1$
al kyl', cycloalkyl, arylf, or suDstituted aryl Owherei \ X2 through X5 are
i ndependent |y sel ect egh 14,’703}nt he\g oup . 4CO i O % March 2004 WO
01/ 21567 - PCT/ USQQ 2 Mher ei p gcted fromthe
group consisting of-H \aryl, @&R143, (CR142) y- OR 44, and (CR142) n-NR S,.
wherein nis a nurrber 0 and 3, wherel s H C-G8 al kyl;
cycl oal kyl, or aryl, n R15 is selected fry RS group consi sting of
H al kyl, cycl oal kyI - SO2RI 1, -SOZNR122 and wherein R16 is
H, G-Gs al kyl, cychp or perfl gherein Y2 is
i ndependently sel ect %/ oup con yl, 10 CR143, (CR 42)
n- OR14, and (CR142) n-NRT%, wherein n is a nunber etween 0 and 3, wherein

R14 is H C-Gs E_i| kyl, cycl oal kyl, or aryl,

\o

5

wherein;

Formula II-B

(zH 1 0 1_p
n /P"—""x

X! is a bridging group selected from the group consisting of
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~wherein R15 is selected fromthe group consisting of H, alkyl,
aryl; -SO2R11, -SO2NR122, -COR16, and wherein R16 is H,. CtTgCimgrcﬁlj@mh
15 wherein Z is selected fromthe group

cycl oal ké aryl, orperfuoroal kyl;
0-3; wherein a |igan#8Cngsboizss4the

QW@F&LM), -OR14 wherein n
structure of Fornmula I-A or Formula I-B has at le
carbon in the ortho position to an O bonded toaP

. consi stW

anot her aromati C ri n

R and Rls are in --,E
to Gig alkyl, cyR

or Y2 is linked to Z

one or zero. 11. The pﬁpcess off, cl ai m™10 wherei
0
PCT/ US(c) O 25547 12. The procej)

structure of fornula

has at |east one terminal group of the structure of fornulae A or B; Y3
| s defined as above: Formula A

O or CH2;: and R1°1 .

e ortho po Ry
| s i ndependd
’ from ] %
stiRUt ed 25

or

formg cyclic ether.

s of claim 10 wherein the |

e aromatic ring

wher ei n each
' of H C,
s either
{ has either

gand has the

cycl oal kyl ,

H -5 13. The process of claim'10 wherein the |igand

whereinR', R? ,R*,R*,R*,R%,R7, R, R", and R?  are independently

10

selected from the group consisting of H, C; to Cy3 alkyl, cycloalkyl,
trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl, -SOR', -
SO:NR,", acetal, ketal, dialkylamino, or diarylamino, -OR'}, -
CORY, (CNR'MRY, (CNOR"R ;wherein R!! is C; to Cy3 alkyl,
cycloalkyl, aryl, or substituted aryl, -C(O)R*?, -C(O)NR"*R", -O-
C(O)R", -NRP-C(O)R", wherein R'? and R™ are independently
selected from the group consisting of H, C; to Cy3 alkyl, cycloalkyl,
aryl, or substituted aryl; wherein positions other than R! through R®

' on the aromatic rings may also be substituted with C) to Cys alkyl,

cycloalkyl, trialkylsilyl, triarylsilyl, halogen, nitrile, perfluoroalkyl,
sulfonyl, acetal, ketal, dialkylamino, diarylamino , -OR", -CO,R" R

'CNRY, or RCNORY ;
15 wherein R® and R'® are independently selected from the group consisting

of H, C; to C; alkyl, cycloalkyl, aryl, or substituted aryl;

wherein Xz through X3 are independently selected from the group
- consisting of:

59



114 10 Formula B 15 14. The process of claim 10 wherein the reactants are
in the vapor phase. 20.61 19 March 2004 wo 01121567 PCT/ USOPdgaih/ogba. The
process of claim 10 wherein the transition netal is a netal from Goup VIII

. of thewPerkwssrc Table. 16. The process of claim10 wher ecpusoerzdsgansition - _

metal is selected 5 fromthe group consjsting of a hydride, halide, organic
acid salt, acetylacetonate, inorgani cid salt; oxide, carbonyl conpound
‘and am ne conpound -of rhodium and rhjodi um supported on carbon. 17. The
process of claim 10 wherein the u 2compound is 10 selected- from
the group consisting of nonconjugated Jinear al kenes, nonconjugated |i near
al kenenitriles, nonconjugated al kyl pentenoates, nonconjugated pentenals,
acetal, imne, and hydrazone derivati ¥es of pentenals, and perfluoroal kyl
et hyl enes. 15 18. The process of claim 10 wherein the unsaturated conpound
Is selected fron1the_€goup con5|st|ng of ethylene, propylene, 1-butene,

2-butene, 2- perfvkarein dently selectedfrom the prospsensisingoftlanil.t ri | e,
dpentenenitrl e, BRI CRSSaB cR gt RO AL il o1 lenal
. ‘and CZFZZ +i CH=CH2 beiﬂec(n/mmdﬁ,zwhesem R'bisH)C;-Cys-alkyl, cycloalkyl, or aryl,
' wherein R" is selected from the group consisting of H, alkyl,
cycloalkyl, aryl, -SO;R"., -SO,NR'%,, -COR', and wherein R'® s
: | H, C;-Cy3 alkyl, cycloalkyl, aryl, or perfluoroalkyl;
wherein Y? is independently selected from the group consisting of aryl,

10 CRYM,, (CR”;) n-OR', and (CR”;) n-NR'®, wherein n is a number ) _

between 0 and 3, whéreip R"“isH, C;-Cys alkyl, cycloalkyl, or aryl,
wherein R" is selected from the group consisting of H, alkyl, '
cycloalkyl, aryl, -SO;R", -SO;NR';, -COR', and wherein R' is
| H,.C,-C,3 alkyl, cycloalkyl, aryl, or perfluoroalkyl;
15 - .. wherein Z is selected from the group consisting (CR'*,),-OR'* wherein n =
' 0-3;
wherein a ligand having the structure of Formula I-A or Formula I-B has
at least one aromatic ring carbon in the ortho position to an O bonded to a P
“bonded through (Z")n' to another aromatic ring carbon in the ortho position to the
20 - other O bonded to the P; and

?17
i1 8
and wherein each R” and R" are independently selected from the group
| consisting of H, C, to Cys alkyl, cycloalkyl, aryl, or substituted aryl, and n'
25 is either one or zero.

11. ° The process of claim 10 wherein the ligand has either Y' or Ylis

~ linked to Z to form a cyblic ether.
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WO 01721567 PCT/US00/25547

12.  The process of claim 10 wherein the ligand has the structure of
formula I1. ' '
5 13 The process of claim 10 wherein the l_igandihas at least one
terminal groui) of the structure of formulae A or B; Y*= O or CH;; and R]“'l
- is defined as above: '

Formula A
14
P. 14
i N R4
o Ria
10
FormulaB
Ris Ry, y
N /"
—R44
Ry4
0"\
Ria
15
14.  The process of ciaim 10 wherein the reactants are in the vapor
phase. = .
20
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WO 0121567 ' PCT/US00/25547

10

15

20

15.  The process of claim 10 wherein the fransition metal is a metal

- from Group VIII of the Periodic Table. -

16. The process of claim 10 wherein the transition metal is selected

from the group consisting of a hydnde halide, orgamc acid salt, acetylacetonate,

inorganic acid salt; oxide, carbonyl compound and amme compound of rhodium,

and thodium supported on carbon.

17.  The process of claim 10 wherein the unsaturated compound is

selected: from the group consisting of nonconjugated linear alkenes,

nonconjugated linear alkenenitriles, nonconjugated alkyl pentenoates,
nonconjugated pentenals, acetal, imine, and hydrazone derivatives of pentenals,

_and perfluoroalkyl ethylenes.

18.  The process of claim 10 wherein the unsaturated compound is
selected from the group consisting of ethylene, propylene, 1-butene, 2-butene,
2-pentene, 2-hexene, allene, allyl alcohol, 3-pentenenitrile, 4-pentenenitrile,

methyl-3-pentenoate, methyl-4-pentenoate, 3-pentenal, 4-pentenal; acetals,

imines, and hydrazones derived from 3- or 4-pentenal;. and C,F,,,,CH=CH;,

(where z is 1 to 20).
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